AD Nn._-___—" |

ADAO57610

NDC riLE copy

AFGL-TR-78-0074
INSTRUMENTATION PAPERS, NO. 267

Flight Tests of the Air-Launched Balloon
:System (ALBS) Prototype Model

IANDREW S. CARTEN JR.

23 MARCH 1978

NMmmmwmmmummw
independomt Ressarch Pund

Approved for publio relsace; distribution unlimited.

AEROSPACE INSTRUMENTATION DIVISION  PROJECTS 6665, IR
AIR FORCE GEOPHYSICS LABORATORY

HANSCOM AFB, MASSACHUSETTS 0173)

AIR FORCE SYSTEMS COMMAND, USAF



This report hag been reviewed by the £SD Information Office (OI) and is
releasable to the National Technical Information Service (NTIS).

This technical report has been reviewed and \ .
is approved for publication, Tl

FOR THE COMMANDER

Chlief Scientist

Qualified requ :stors may obtain additional copies from the B
Defense Documentation Ceanter. All others should apply to the ik
National Technical Information Service, :




SECURITY CLASSIPICATION OF THIA RAQY (Whan Nats Knteted)

REPORT DOCUMENTATION PAGE !_;gggvcgﬂzggggg":m
e R T el P e .-r""?' PECIRPLY 5
\| AFGL-TR-78-9074, A La=
e . . _. ORI
TR TRA PR | |
00 : 0 € PEAFOMMING ORT. SNT NUNSEA ‘
ODEL » =R IP No 281 P ]
N us []
@ﬂdrew S./Carten, Jr
T PIRTOPMING OROARITATION NAME AND ABOREE) ) P R L R AN VUTERT, BRS FT_—T, TR ]
Alr Fo.ce Geophysics Laboratory (LCBY i (_,,'n';‘ i) 's'o
Hanscom Air Force Base oaaote o ILIRBHOL
Massachuaetts 01731 __beaesdol oy
11, CONTNBLLING OFFICR NANE AN ADONESS o
Air Force Geophysica Laboratory (L.CB) Qu 23 Marsh W78 J
Hanscom Air Force Base : e eme e
Massachusetts 01731 138 —-J
y T RESKIF difloront fram Contealling OTITH) 3. JECURITY CLABL, (af ihia report)
R Unclassilied
[ P(_ mmmsm—*
[T SO Y7aR TYRYETERY e W Rawars
Ap yed uhmwrlb ke .
|(7¢ JzLzR, 66651 |
(A DllYlnm;iuuﬂ niered In Bl ) sron! frem Repert)

T8, SUPPLEMENTARY NOTES

This research was partially supported by the Air Force In-House Laboratory
Independent Research Fund,

. KEY WORDE fContinua en teverae alde if necoinary and identiiy by Block number)

Balloon Aerial dellvery
Cryogenic fuid storage

Heat transfer

Parachute descent

[ BETRACT (Continus on raverse aide i1 -md iy by bleck
*w---*w%r'rhe requirements for the Air Launched Balloun System (ALBS) develop=

ment program and the highlighta of that program, prior to the flight test phase,
are presented, The rationale behind an ambitious ALBS parachute subsystem
test fight series, using C-130 aircraft, at the National Parachute Test Range
i{s given, along with the initial aystem configuration chosen for thut series,
The test-demonstrated inadequacy of the 32-ft drogue chute is documented,

The duccesses achieved subsequently in flights with a 28«1t drogue chute (in --,._'7(0 VN ‘)
ob .:2.5"" 43 ‘Abmon ©F 1 NOV 48 18 DWIDLETR Unclassttied ' .

SRCURITY CLARBIFICATION OF THI8 PAGE Whan Data Kntersd)

4 |

78 1
/38 14 08 007




Unclagsified

SECURITY CLASSIPICATION OF THIS PAGK(When Dete Enivred)
20, Abstract (Continued)

combination with the 42-ft main chute) are described, both for tests employing
a dummy balloon and for later teats in which a real balloon was used, Attempta
at pertial balloon inflation at the NPTR are discussed, The unsolved parachute
coning problem is also described, along with tests aimed at its solution.
Planning and preflight preparations for the January 1678 balloon drop lest over
the White Sands Missile Range are covered in considerable detail, The abor-
tive launch of that flight {a related and an analysis of the reasons for the fight
::llure is presented. Five (8) appendices are included with supporting calcula-
ons,

7

Unclasailied
BECUNITY CLABIFICATION OF THIS PAGR(Whon Data Kntersd)




[l {ot .
a o saction
Saction )

R

oY - o
R i

Preface

The test program described in this report is long and complex, When one be~
comes intimately involved in such an effort for a long pariod of time, as did the
author, one can easily over-~identily, to the point where supporting roles become
obscured., It is hoped that this did nol happen here,

Throughout the report every attempt has heen made to glve credit to others for
their help, The number of people and organizations who rendered asaistance to the
ALBS program was so great, however, that a special acknowledgments section is
in order,

First, the solid and continuous encouragement of the author's parent organiza-
tion, AFGL, {s acknowledged with gratitude and appreciation, Erom Col. B, S,
Morgan, Jr., Commander, on down, there was a steady and timely flow o! re-
sources, technical assistance, and logistical support actions, all of which were
vital to the auccess of the program, Mr, Thomas Kelly, Director of the Aerospace
Instrumentation Division, and Mr, James Payne, Chief of the Balloon Research
Branch were particularly helpful, Mr, Arthur Glannetti and Sergeants Gary
Blanchard und George Clement of the Balloon Instrumentation Branch, provided
assistance {n many ways in addition to farnishing the sophisticated UHF TM/Control
Pack, Mr. Thomus Danaher and the members of his Balloon Requirements Branch
were understanding and generous in the matter of balloon flight schaduling (includ-
ing much rescheduling) and the allocation of needed r.sources, Mr, James F,
Murphy and Mr, Don Maltacen of the Operationsl Services Branch made substantial
contributions in the key area of alreraft flight support, and rescued the program
on more than one occasion when it threatened to become bogged down, Detachment 1
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AFQL, at Holloman AFB, played a major test role, as described in Section 5 of
this report. The author ia deeply grateful for the help and dedicated aupport of
Major Joseph Koehly, Detachment Commander; Captain Michael Wilson, Opera-
tions Officer; and the many Det 1 noncommissioned officers, civilian and enlisted
personnel who participated in the extensive preparations for and the conduct of the
Holloman AFB/WSMR Balloon Drop Teat, Mr, Willis Paraons of the WSMR was
of immense help during the arrangements for Range support and his assistance, .
also, is acknowledged gratefully,
The Parachute Test Program described in Section 4 could not have been
accomplished without the active and willing support of the Air Force Flight Test
Center, The author cannot truly express his gratitude to the personnel of the
3511th Test Squadron of the AFFTC, where the test vehicle deslgn, p-uparation
and test planning activities were carried out, Squadron support of the program
was total and enthuaiastic, The contributiona of Mr, Clifford Marshall, Chier
. Aerinl Delivery Sectlon, and of his engineers, Mr. Michael Wueat, Lt. Warren !
Massey, Mr, Robert Morrison, wore outstanding, both at the National Parachute ]
| . . Teat Range and in connection with the Holloman AFB/WSMR Balloon Drop, The “
’ efforts of the 0814th Test Squadron (AFFTC) at Hill AFB are also acknowledged
_ with gratitude here, The ALBS test program at the NPTR necessitated many long
: migsions for the flight crews of that Squadron, In addition, the author was deeply :
i impressed by, and iy very gratlful for the support furnished by the Navy and Bell
Aerospace personnel at the NPTR, The pllots and photographerts mates who made
possible the spectacular air-to-alr motion plcture coverage of the test [lights did

a superb job, The Range TM and photograph coverage was also excellent and inval-
ukble for interpreting teat events, E
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s A central element in plans for the test program wes the availability of a ault« ;
i : able rlight~weight cryogenic unit, The role played by the Cryogenics Division of | :
L'; : the National Bureau of Standards in Boulder, Colorado in this matter was magnifi- |
3 : cent, It is really difficult to expreds adequately the appreciation felt by the author ;
3} towards Mr, Charles Sindt of the NBS for his contributions to the program, The !
. wholeheated support of the entire Cryogenics Division ia an important consideration
here and is noted with profound thaaks,

A special note of thanks (s due to Miss Margo Cross of the Aerospace Instru-
mentation Diviaion for her valiant struggle to produce a legible manuscript from
the author's rough notes, and to Mr. Ed Brennan of the Mechanical Engineering
Branch for hiy assistance in the preparation of Mgures 18, 21, and 22, .
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Flight Tests of the Air.Launched
Balloon System (ALBS) Prototype Model

1. INTRODUCTION

B Tt L P LD )

This {8 the fourth and final technioal report on work porformed under AFGL
In~House Work Unit (IHWU) 666851101 "Air-Launched Balloon Technlquu."*

g

In the first report, there was a generalized discussion of methods for inflating
! free balloons (n midair following their deployment from a cargo aircraft or from a £
high altitude rocket, 1 That report concluded that aystems employing such methods ‘
are capable of being developed and of satiafying several important military needs, 1 3
The second Mporl:2 surveyed various kinds of Lighter-then-A{r (L.TA) vehiclea )
15 which might serve as high altitude communications relay platforms, discussing ' ‘
y operational advantages and disadvantages, and highlighting certain technical con- 4
4 slderations. It also reported progress on the Air Launched Balloon System (A LBS) { ’
": development program, well under way by then, which promised to yleld a useful : N
) LTA coE_xpunlcntlonu relay platform, ‘;
;‘ (Received for publication 22 March 1978)
I"IHWU 66651101 was officially terminated on 30 September 1077, Work performed
on the ALBS program subsequent to that date was under suocessor IHWU 765881101,

aame title,
1. Carten, A, 8., Jr. (1873) An Inviltlgailon ol Technl%uu for Ltgncglni _Iﬁﬁie
Balloon Systems From Alrcralt or Rockets In FIight, ~TR-Td= .
2. Carten, A,S,, Jr, (1074) An Investigation ol the Applicability of High
‘ Elghter-Ihnn-Alr‘?TA[ go,l_i‘ou o the Tactical Communicatiol e
roblem, "RL~TH-T{-

Y,
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The third report3 explored theoretically the dynamics of the ALBS midair
deployment sequence, and outlined the proof-of-concept flight tests proposed both
to verify those dynamics and to determine system feasibility.

This fourth report covers the flight teats actually carried out on the ALBS
prototype system, starting wich tests on system mock-upa to qualily the parachute
subsystem and ending with the balloon drop test of the complete prototype model,

2. BACKGROUND

2.1 Basin Requirement

The Alr-Launched Balloun System (AL ©S) under development at AFGL is almed
principally at the requirement for a quick-~reactfon capubility to put a lighter -than-
air, tactical communications relay platform into poaition at high altitudes, Such a
requirement s called out in TAC ROC 308-79 entitled, ""A Satellite Airborne
Communications Relay System for Tactical Alr Forces,"

For the purposes of the test program reported on here, it was envisloned that
the packaged ALBS wonld be extracted from g C-«130 aireraft at 28, 000 ft (7, 62 km),
When the ayatem was properly deployed in midair by a tandem parachute array,
the stored ALBS balloon would be extended vertically and filled from an attached
hellum atorage unit. The inflated balloon would then carry the communications
relay (approximately 200 b (800N)) to its assigned altitude {~70, 000 ft (21, 34 km))
while the {nflation hardware floated to the ground {see Figure 1),

3.2 Previous Development History

In the veport entitled "An Investigation of Techniques for Launching Large
Balloon Systems for Alrcraft or Rockets in Flight, " AFCRI-TR-73-0633, it was
propoded that a eryogenic gas storage and heat transfer subsystem be uged in the
ALBS to overcome the severe weight penaltiea associated with conventional com=
pressed gas storage cylinders, Following the publication of that report, the Cryo-
genica Divislon of the National Bureau of Standards (NES), Boulder, t'olorado,
carried out experimental research in support of the ALBS program, an effort which
led to the design and fabrication of a heavy ground-based prutotype cryogenic stor-
age and heat tranafer urm.4 This prototype used a hot packed-bed aluminum oxide
(Alzoa) heat exchenger to gesify a predetermined quantity of liquid helium and Lo

3. Carten, A,8,, Jr, (1876) The Fll[‘ht Test As%ects of the Air-Launched Balloon
System Development Progt am, ~TR-T8=- .

4, Sindt, C,F,, and Purrish, W.R. (1878) A System for Inflating a Balloon Uain
!&hum Stored in the Iiquid Phase, AF'CRXL‘—TR’-‘YG-OUI! Nﬁsm 75-034,
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Figure 1. ALBS Air-lLaunched Balloon System (ALBS) Drop

warm the gas to a sultable temperature (ZHOOK average) for filling a balloon, It

was successfully demonstrated {n July 197") at Boulder when a tied=down balloon

way filled with approximately 10, 000 rt (283 m' ) of gaseous hellum in ledy than

7 min, In November of the same year it was med on the ground at Holloman AFB,
New Mexico, to inflate n 145, 000 i (4106 ' ) balloon which, upon being released,
carried a payload of 300 1b (1334.41‘4) to 75, 000 ft (22,86 km), This was the first

known {light of a large balloon inflated directly from a cryogenic source,

With the basic development tests of the cryogenic unit successfully accom=
plished, the way was opened [or flight testa of the complete system, that is, the
dropping of the ALBS '""module” or ' package" from a suitable vehicle at the envis-
toned onerational altitude, 25,000 It (7620 m) followed by midair inflation of the
gystem's balloon, Such a test had to be conducted to demonstrate system feasibil-
{ty, but it was clear from the astart that it would be an ambitious undertaking. A
special balloon had to be designed and procured, a flight-weight version of the

11




demonstration cryogenic gas storage and heat transfer subsystem had to be con-
structed and the complicated parachute subsystem had to be tested and qualified.
Despite the known problems, plang were initlated in December 1875 for the flight
test prograni,

Early in the test planning process {t was decided that the initial drop vehicle
for the demonstration ALBS module would be a scientific balloon, even though the
ALBS was i{ntended for eventual deployment from an alrcraft, This decision was
prompted by several considerations, 3 but the overriding factor was the design
chosen for the prototype flight-weight cryogenic unit, That deaign, which had been
dictated by project funding and time constralnts, waa adequate for a balloon drop
but did not meet the astandards required of equipment carried aboard Air Force
aircraft. Thus, the planned tests had to be viewed as proof-of-concept teating,
with the underatanding that additional drops from a C-130 transport would be con~
ducted at a loter date, using a third aircraft-qualified version of the asystem,

With the baaic thrust of the test program thus eatablished, construction of the
flight-weight (balloon-qualified) version of the cryogenic unit was begun in the
spring of 1876 by the NBS, (Sse Figure 2 for a view of the completed unit, less
superstructure.) The special balloon design needed for midair inflation was worked
out at AFGL and an order wes placed for three balloons incorporating this design,
The parachute subsystem then became the item ol major concern, Ita Importance
lay in the key role it wag to play both in the aerlal deployment of aystem compo~
nents, and in the extraction of the folded balloon from its container,

Many computations had been carried out by the author to arrive at a preferred
parachute subsystem which oould employ avallable standard parachutes, Although
these computations were based, for the most part, on atandard parachute
formulas, there were some assumptions involved which requlred verification by
nctual test, It was imperative that the selected design be proven, using dummy
units, prior to risking the expensive cryogenic unit {n the balloon drop test., With
this consideration in mind, negotintions were undertaken in the aummer of 1078
with the Air Force Flight Test Center (AFFTC) for ALBS parachute subsystem teat
support. They resulted in the establishment of a flight test program at the National
Parachute Test Range (NPTR), El Centro, CA under the auspices of the 6311th Teat
Squadron, with aireraft support rom the 6514th Test Squadron at Hill AFB, Utah,

12
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ALBS Cryogenic Inflation Unit, Less Superstructure

Figure 2.
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Preparationa for the parachute test program were begun at El Centro in the
fall of 1876, but actual test flights did not get underway until February 1877, * They
continued through October 1677 and were followed by the balloon drop test at
Holloman AFB in January 1978, The results of these flight teats conatitute the »
bulk of this report,

2.3 Alrcraft Test Impact .

During the time period covered by the flight tests, a gradual shilt in emphasis
ocourred in the ALBS development program. At the start, the streas was on the
balloon drop test aspects, while the aireralt-oriented parachute subsystem tests
were perceived as having an important but secondary impact on overall system
plans. Then, as the tests proceeded at the NPTR, a role reversal took place. The
:‘, experience gained from aerial deployments of the dummy system from C-~130 air=-

3 cralt pointed up several inadequacies in the original system design, These ranged 4
4 from poorly chosen components and unsuitable interfaces between subsystema to
i the omission of needed hardware items, Aa a result, the configuration ol the pro= L
totype to be dropped from a balloon was refined and improved considerably over '
i that described in the third report, 3 (That report, incidentally, had predicted this
i improvemant proceas,) :
The aircraft drops at the NPTR also introduced a major change in the approach A
i - initially adopted [or the ALBS fight test program, Originally, only a dummy ALBS
balloon wams to be extracted (extended for midalr inflation) at the NPTR, Real
balloon extractions were to occur later, in preliminary balloon drops at Holloman
AFB. (Those drops, which would not include the cryogenic unit, were to be dress
rehearsals for the crucial 'live" drop, also at Holloman, in which the eryogenic
unit was to be deployed for the first time.) As things turned out, it proved both
feasible and highly advantageous to prolong the NPTR tests to {nclude real ALBS _
balloon extractions and even to attempt partial balloon inflations. Conseguently, ;
| the scheduled preliminary balloon drops at Holloman AFE were cancelled, and the
E ; remaining live drop was rescheduled for a later date.
3 Text data obtained from the flights involving real balloon extractions at the
i NPTt were most heipful in eliminating uncertainties associated with the balloon

e e
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i I"'I‘ho 8811th Test Squadron had begun construction of a test vehicle in which the

| | simulated {nyloud would be placed at the apex of the main cnnopx, along with the

packed balloon, Then, in December 1976, the decision was made at AFGL to put -

the payload at the base of the main chute, thus causing a delay for redesign and l
reconstruction of the test vehicle, (See the addendum to the third reportJ for the ;
rationale behind the declafon,) Although this decision solved a presuing technical

roblem, {t necesaitated the carrying of the collapsed main chute to altitude aftor "

alloon inflation. This, In turn, reduced available payload welight significantly. '
(See paragraph 6.4.) :
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drop whleh.wn to take place at Holloman AFB., The aerial delivery program at
the NPTR had a further beneficial effect: It provided the author and those support-
ing him a large amount of "hands -on" experience with ALBS aerial deployment
hardware and techniques under semioperational conditiona, With this experience,
. it became possible to plan with conlidence for the construction and test of the -
follow=-on, aircraft-qualified cryogenic unit,

& ALBS PROTOTYPE TEST CONFIGURATION

8.1 Initial Version

At the start of the flight test program, the envisioned ALRBS prototype config=
uration was as described {n the third report and its addendum, 8 It conaisted ofy
(a) A Night-weight cryogenic unit (Figure 2)
(b) A special 188, 000-1t> (4478-m°) balloon (Figure 3) and its associated
3 container
;i (c) A lightweight 32-ft (8, 8 m) ring slot upper or "drogue' parachute
3 (d) A 42-ft (12.8 m) ring sail lower or "main'" parachute
L‘ (e) A 200-ft (61 m) extenaion line
| (1) A simulated electronics payload, and various items of command and
control equipment,
(Note: Details of the interface between the parachute subsystem and the
cryogenic unit had not adequately been worked out in the third report.) £

8.2 Parachute Subsystem Test Configuration
. . 3,2.1 GENERAL CONSIDERATIONS

A series of about 11 flight teats at the NPTR had been agreed upon between g
AFGL and the AF'FTC., The objective waas to show that the configuration described i
] above was feasible; that i{s, that the chosen parachute system was capable of being
launched from a C=130 aircraft and, once launched, was capable of deploying the
) balloon in midair for inflation, The tests were to be conducted initially at 10, 000 ft
i to aliow for crew familiarization with the system, Teusts at 28, 000 It would follow "‘

this initial phase, .

The first problem facing the 8811th Teat Squadron, in conducting tests of the !

ALBS parachute subsystem, waws to design an aircraft=droppable test vehicle which :

. adequately simulated the above configuration including those parts which were not N

actually to be used at the NPTR. (The cryogenic unit, the electronic payload and ‘i

the ALBS balloon were the most readily identiflable components in this category.)
The simulation was to be as realistic as possible with regard to weight, volume,

18
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length and any other characteristics essential to parachute system performance,
Moreover, the test vehicle had to store the packed main chute and simulated
balloon internally until they were to be deployed, At the proper staging operation,
it had to permit rapid and positive extraction of these components,

The resulting test vehicle waa a cublcal wooden box open at the top. [Four ft
(1,22 m) to a alde and framed in heavy angle iron, it weighed approximately 666 lb
(20566N) empty, A heavy lead plate weighing 365 b (1824N) waa added to bring it
up to full syatem weight, * (See Figures 4 and 5 and also footnote * on page 94
with regard to use of Newtons (N) to note weight in the metric syatem,)

Note: The 6811th Test Squadron has prepared a technical report5 on the teat
vehicle and the ALBS subsaystem tests, This report will defer to the 6611th T. S,
report wilh respect to details of box conatruction and rigging, and will present only
that information essential to the purposes of this report,

3.2.2 LOAD EXTRACTION AND DEPLOYMENT STAGES

The launch of the 6511th Teat Squadron's ALBS test vehicle from a C-130 air-
oralt and the subsequent deployment of the systen: components was planned as a
3-stage operation (wew Figure 6), The [irst stage was to be the load extraction
(that is, the pulling of the test vehicle from the aircraft horizontally) and the tran-
sition to a vertical attitude, The second stage was to be the deployment of the 42-ft
(12, 8 m) main chute, 200 ft (61 m) beneath the drogue chute, The third stage was
to be the extraction of the simuluted balloon from its container on top of the upen
main chute and the full extenaiun of that balloon, as would be required for midair
inflation, Thia third stage was to be accomplished through the drag forces exerted
on the packed balloon by the 32«ft (0, 8 m) drogue chute, o

3.2,3 INADEQUACY OF THE 32-FT (9. 8 m) DROGUE CHUTE

To reduce system complexity, the drogue chute was chosen to act also as the
load extraction chute, a role which subjects the drogue to high loading forces, In
this case, the force was taken to be approximately 10, 000 1bf (44, 480N), a value
slightly on the high side. (Actual calculations are contained in Appendix A). There
wan some question at the start about the ability of the 32-ft light-weight ring-alot

*The lead ballast und the massive structural members of the cubical box simulated
the weight of the cryogenic unit, but being very dense, they did not truly simulate
its volume characteristics, This discrepancy was considered unimportant with
regard to parachute system qualification testing,

"ln the deployment of the real balloon in a live operation, there would be additional
stages; the filling of the Lalloon, the ocutting away of the drogue, the dropping
away of the cryogenic unit, etc, (See Figure 1,) In the NPTR tests, the plan was
to take the operation only through the first three stuges, as described above.

aM',i,‘ﬁ'% \215, and Wueat, M, (1978) The Alr Launched Balloon Systsm, AFFTC-

——ro————
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Mgure 4. Flght-ready AT.BS Test Vehicle, in Hori-
zontal Attitude, With Packed 28=ft Drogue Chuto at Top

chute to withstand such forces. The 6511th 'I', S, had only limited experience with

this parachute as a load extraction chute, It was selected for the ALBS tests pri-
marily to accommodate the author's desire for a drogue chute of specific drag
charncteristics, Hiy chief concern was with the drag force needed to allow the
drogue chute to pull the folded ALY balloon from its container on top of the main
parachute and with the dynamic pressure, '"q," which the exposed balloon would
experience, Calculations showed that the 32=It ring saill drogue chute, when de~-
ployed above the 42t main chute, would easily provide both the needed minimum
drag force and the desired q of 0, 5-1, 0 paf (23,04 - 47, 88 N/n12). (See Appendix B.,)
In evaluating the 32-ft drogue chute for the additional load extraction role, the
Squadron relied on a previouy test where this chute had successfully withstood an
extraction force of 11, 400 1bf (50, 707N). Thus, even though the true operating load
range of the 32-ft chute was not known, it seemed reasonable to employ it in an

18




Figure 8, ALBS Test Vehicle Seoured to'Ramp of C-130, ]
28-It Drogue Mounted on Pendulum (Not Shownr

. Fl{ure 6, ALBS Test Vehicle Drop at the _
National Parachute Test Runge :
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extraction where the expected force wan at least 1400 Ibf (6227N) less than exper-
{enced earlier,

3,2.4 THE FIRST ALBS DROP TEST (TEST NO. 1)

The first extraction of the test vehicle from a C-130 took place over the NPTR
on @ February 1877, The aircralt was at 10, 000 ft (3048 m), flylng at an equivalent
airapeed of 130 knots., (True airapeed » 2858,5 ft/uec, 77,88 m/uec), * Within
seconds o!f the load axtraction, the suspension lines of the 32=It chute failed and the
chuts separated from the load, In the resulting free-Iall to the desert [loor the
test vehicle was damaged beyond repair (see Figure 7), thus introducing more than
a months' delay into the program lor rebullding of the test vehicle, (The rebuilt
teat vehicle was actually ready for Night by midMarch, Airoralt maintenance prob-
lema delayed the resumption of the test program by another two weeks, however,)

Figure 7, Deatroyed AL.BS Teat Vehicle, Test No, 1

*Truo airspeed here {s obtained by dividing the aircralt's equivalent airspeed
{e.a,n,) in knots by the square root of the density rativ (5 /o, or o) for the altitude
at whloh the aircralt is flylng and by multiplying the result by the appropriate con-
version factor for ft/uec or méuc. For example, let e, a,s, squal 130 kt,
altitude = 10,000 ft, ¢ = 0, 73868, True alrspesd ~ 130/./,73858 X 1, 689 = 258,08
ft/nec (77,88 m/sac),
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On the 2 February flight, the test vehicle had been equipped with strain gauges
to measure parachute forces at load extraction and at main chute deployment,
Despite the drogue chute failure, a measurement of the peak extraction force was
. obtajned: 10, 240 1b, which was somewhat higher than the expected force, 10, 000 1bt,
. Moreover, the actual opening time was measured at 0, 88 seo, which should have
J led to a load more on the order of 6, 000 1b, (The reason for the discrepanay was
‘ not established,)
3 : Poat=flight examination of the drogue chute revealed that the latlure had
¥ occurred in those portions of the suspsnsion lines near the akirt which had been
dyed black approximately one yoar sarlier. (The purpose of the dye at that time
was to enhance photographic contrast so that tilms of the chute opening sequence
oould better portray the action at the skirt,) On the day following the test failure,
tensile strength tests were conducted on both dyed and nondyed portions of the re-
covered lines, They showed that a marked deterioration in the breaking strength
of the lines had taken place in the dyed areas, and that the load capacity of the
chute had been seriously degraded. (The specilied breaking strength of the lines
was 830 lbl (3446N); the mensured breaking atrength of the dyed samplea was only
'412 bl (1833N); hondyed samples broke at or near the specified load,)

This failure incriminated the dyed suspension lines, of course, but it did not
bring inte queation the capacity of the 32«ft chute when not wo treated, Even so, it
instilled an attitude of caution in this regard, It was decided, therefore, that the
next load extraction teat would not only leature new, undyed and utronger suspension
lines on the 32-ft chute, but also would have that chute reafed 80 parcent for 8 sec
before Mll opening, a feature dosigned to reduce the load extraction force conmid=
' ‘ erably, Morecover, the test would be conducted firat with an inert bomb whose
i welght matched that of the teut vehicle. Under this arrangement, chute oapability
0 7 would ba demonstrated bafore deploynient of the actual test vehicle, and {f the chute
! failed again, rebullding of the test vehicle would not he required,

3,2,8 TEST NO. 2

Y 1
=
X
/)

a
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B On 20 March 1877, the C=130 took off Irom El Centro with two loads on board:
) an inert bomb and the rebuilt ALBS test vehicle, Both were equipped with rein-
' forved, undyed reefed 32-ft (8,8 m) chutesa, The bomb was extracted lirst, from
an altitude of 10, 000 It (3048 m) (e, a, 8. 130 kt), The 32-It chute failed immediately
{ and catastrophically, The virtually free-falling bomb buried itself in the desert,
. Needless to say, the C-130 returned to the base with the AL.BS test vehicle atill on
board.

This time the failure was in the canopy apex ares (see Figure 8). High speed
motion ploture Hlmu showed that it had been triggered by an unexplained premature
activation of the reefing line cutter alter 1 sec. The canopy ''blew" when the
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Figure 8, J32«ft Drogue Chute With Apex Area Blown Out

parachute went from 80 percent open to fully vpen before the system had decelarated
| significantly, KEven wo, the chute's inadequacy was clear to all concerned,
’ Alter engineering discussions between the author and members of the Squadron, 4
| It wau decided to abandon the 33-t (9, 8 m) lightweight ring slot chute in favor of a f
| heavier 38-It (8, 53 m) ring slot extraction chute routinely used by the squadron and
| by Alr Force and Army operational elaments., (Parachute, cargo, extraction 28«ft ¥
' ' FSON 1670-00-687=0459), It has a rated load caparity of greater than 28, 000 1b? \
l (1,112 % 10? N}, This mubstitution reduced the amount of drag available for pulling i
the balloon out of [ts contatner, and increased the q (dynamic pressure) that the
balloun would experience, but it was r necessury move to get beyond the irat step
of the ALBS deployment process,
_ Table B2 of Appendix B shows the calculated values of ares, drag and dynamic
1 pressure for the 28-ft drogue chute and 42«ft main chute combination, It indicates -
i that the maximum calculated drag at the drogue (302, 69 1bf, 1613, 2N) {s almont .
' , exactly equal to the minimum required value (362 Ib, 1610,23N), while the dynamie p
pressure (1,071 puf, 51,28 N/mz) s just slightly above the upper limit of the g i
apecified range for q, Theve values indicate a possibly marginal extraction cap-
ability and a higher-than-dedired force per unit area on the balloon film, As later
events showed, however, the disadvantages cited for the umaller diameter chute
were of less conmequence than had been feared.
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3.2.8 FINAL PARACHUTE SYSTEM TEST CONFIGURATION

The decision to use a 28~It drogue chute restored the test program's momens
tum and, in the long run, proved to be a good move, It fixed the system pavachute
sizes and all subsequent tests were conducted with a 28-ft drogue chute and a 421t
main chute, As the tests proceeded some changes were required in minor system
components (break-ties, line cutting devices, etc) which are covered in detail in
the 881 1th Test Squadron report5 and are mentioned briefly in this report, Fig-
ures 9a and Ob show major details of the parachute system teat configuration in the
firat and second atages of daployment.

3,3 Balloon Drep Test Configuration (Preliminary Discussion)
3,3.1 ADIFFERENCE IN REQUIREMENTS

The NPTR parachute syatem test configuration discusded above was selected
to meot n more limited set of requirements than that of the drop test planned for
Holloman AFB, whare a carrier balloon would be the platform from which the ALBS
module is dropped, In order to verify the dynamics of both the parachute deploy-
ment and the ALRS balloon extraction steps, {t was not necedsary to inflate the
ALBS balloon, Hence, a dummy ALNS balloon™ could be employed in the NPTR
teuts as long a4 It simulated the length and linear weight distribution of the real
ALDRS balloon in the packed und extended states, Moreover, there was no require-
mont to yeparate thoe dummy balloon from the parachute system during the NPTR
testn, even though this {4 0 major requirement when the ALIRS balloon {4 actually
inflated (as would be attempted In the Holloman test), The consequence of this
difference in requirements was that the NPTR syatem test confliguration could not
be used directly in the Holloman carrier balloon drop test, This la not to minimize
its importence, however, The NPTR system test conliquration did precisely what
it was meant to do by qualifying the basic parachute system design, In addition,
it provided the engineering foundation for the conliguration nctually adopted for the
carrier balluon drop teat,

*To simulate the real ALBS balloon, which weighs 200 Ib (880, 6N) and Is 102 ft

(31 m) long, a dummy balloon was constructed of a double thickness of 0-ply
Type XXVI Nylon riser material, The reasoning here was that ([ the drogue
chute could successfully pull this line up from its container at the apux of the
main chute and extend it vertically to its full length, the balloon extraction capu-
bility of the drogue chute would have been amply demonstrated. (The effect of the
dynamic preasure on the real balloon Il would have to be ascertained at a later
date when the balloon {tself would be extracted,)
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Flgure fa. Parachute System Test Vehicle, k.rot Stage Configuration ’
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Figure b, Parachute System Test Vehicle, Second Stage Configuration
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3.3,2 ADDED FEATURES

The carrier balloon drop test configuration, which incorporates a number of
additional features, is described in detail in Section 6, It is believed that the
reader will better appreciate the subtleties of that contiguration after reviewing
the narrative account of the NPTR parachute system test program. For that
reason, the events connected with the parachute test program will be taken up next,

4. THE PARACHUTE SYSTEM TEST PROGRAM RESULTS

4,1 An Abortive Start

Paragraphs 3,2.3, 3,2.4, and 3, 2,5 discussed the shortcominga of the 32-It
ring slot drogue chute and described the [irat two parachute system teats, No
further mention will be made of those tests which were unsuccessful and nonrepre=
gentative of the remainder of the teat series,

4.2 A Partial Success (Test No. 8)

On 8 April 1677 the firat deployment of the parachute test syatem configuration
with the 28~It ring slot drogue chute was carried out: At zero time, To' load
extraction from the C-130 aircraft was initiated and took place Mawlessly, (The
alrcraft was at 10,000 ft, e.a.s. 120 kt). * The test vehicle quickly assumed a
vertical attitude, and at 'I‘o + 10 sec, main chute staging was (nitiated. Six sec
later the packed dummy balloon was riding on top of the fully Inflated 42-It main
chute (as shown in Figure 8b), waiting to be extracted from its canvas container by
the drogue chute, However, when the timer-initiated command for this function
was glven (at To + 39 sec), o there waa no extraction, The aystem floated to earth
and landed without damage. Post-Ilight inspection revealed that the wires leading
to the explosive squibs on the number two Radioplane Release (RR2) had been

"The early NPTR [lights were performed at 10,000 It (3048 m) for crew safety
purposes. It wag believed that the launch crew could galn proficiency with thia
new system more readily if unhampered by the cold and oxygen-deficient condi-

tions found at 26, 000 ft (7620 m), Also, the propeller~driven afr=-air photographic

chase plane (T-28) performs better at lower altitudea. Since this plane would
have to bunk sharply and continuously to follow the ALBS module down after its
extraction from the C~130, it seemed desirable to work out this maneuver firat
at an altitude of maximum aircralt response, The author agreed, after syatem
calculationa established that da’a gained at 10, 000 ft would be applicable to later
oxtractions at 26, 000 ft,

"As explained in paragraph 4,3, this time was later changed to T+ 20 wec and the

main chute deployment initiation time was changed from T, + 10%ec to T, + 10 aec,

g‘he revised times were used for all subsequant tests, including the Holloman AFRB
rop,
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broken during the deployment, thus meking the extraction atep impossible, (See
Figure 10,)

Despite the disappointment over the less than completely successful teat, there
was elation over both the perfect performance of the 28-ft extraction chute and the
positive and unexpectedly rapid (3 sec) inflation of the main parachute. Also pleas-
ing was the lack of damage to the 3-mil (0. 0076 em) thick polyethylene balloon
{nflation tubing during and after the main chute deployment, (In this test the infla-
tion tube wasd attached to the main parachute centerline, (See Figure 11,) Later
on, it was moved outboard to one of the suspension lines (see paragraph 4.7),)

Appendix C thoroughly covers pre-test calculations of main chute opening
parameters, apprehensions felt in connection with the opening and precautions
engineeroed Into the system configuration to insure success, This test dramatically
vindicated the precautions, verified or refined the calculated results and removed
the apprehensions, That the electrical lead wires had failed to survive the moment
of violence (see Appendix C, paragraph 3.3,3) when the main chute was deployed,
was rightly considered a correctable aystem design flaw as later events proved.

Y s

: \.
o l ‘c\\'\\
Al TN
'Il“lgure 10." Radloplane Release No, 2, Figure 11, Inflation Tubing Assembly,
Doughnut" and Electrical Connector J=mil layflat polyethylene tubing {s in-

slde cotton outer sleeving, Note attach=
ment to centerline of 42-ff main chute

4.3 A Change in the Method of Actlvating the Radioplane Releases

Discussions between the englneers of the 6511 T, S, and the author led to the
decisiou to try the experiment again with a less vulnarable method of initiating
bulloou extraction: The battery powered, timer-controlled explosive squibs in RR2
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would be replaced with lanyard=-initiated, percusaion-fired cartridges with a built-
in delay of 10 gec, Although reliable and quite commonly used in the aerial deliv-
ery of military cargos, these cartridges were not used earlier because of the orig-
inal long staging times. (Maln chute deployment, which is controlled by the Hrat
Radloplane Release (RR1) was tn be initiated at To + 19 sec, while balloon extrac-
tion, controlled by RR2, was to begin at To + 39 sec.) The test just concluded
showed that shorter time atages were possible, thus permitting use of the 10=sec
delay cartridges, The 6511 T, S. quickly incorporated them in the ALBS test
vehicle both for main chute deployment and balloon extraction (see Figure 12),

(See also paragraph 3.4.2, Appendix C,)

I"igure 12. Radioplane Rclease With Lanyard-Initiated,
10 Sec Delay, Percussion Cartridges

44 The Knife That Did Not Cut (Test No. 4)

The next test was conducted on 21 April 1977, with the C~130 flying at the
same altitude and airapeed as before (10, 000 ft, 120 ki), Load extraction was
axcellent and the main parachute deployed and inflated properly, Balloon extrace
tion still did not take place, however, Although the percussion cartridges had
Initinted the extraction step aa planned, the event did not go to completion for an
unexpected reasont
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When RR2 disconnected the drogue line from the apex of the main parachute,
the drogue's residual drag force was supposed to pull two cutting knives across
the drawlines (lacing) of the balloon containment bag (doughnut) (see Figure 13,)
The severed linea would then be pulled from the bag. This action would release
the cover of the bag and allow the drogue to pull the balloon upward, What actually
happened waa that only one knife cut completely through its drawline, The pull of
the drogue was insufficient to extract the snagged, longer-than-planned drawline
from the doughnut and, thus the balloon was not pulled upward, The array dea-
cended to the ground without damage, with the weight of the packed balloon appur-
ently suapended by the nonfunctioning knife's cutting edge.
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\ Figure 13, Balloon Containment Bag (Doughnut) Lacing
and Cutting Knivey

Clearly, anothor minor design change was called for, The response was to
replace the two cutting knives with four explosive reefing line cutters, A G-sec
delay time was included to allow them to be lanyard«initiated during main-chute
deployment, Moreover, reefing rings were installed at the top of the doughnut to

T R T e *
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reduce the friction as the severed drawline was being pulled out, (Nylon loops 3
had been uaed bafore.)

4.8 The Retaining Ring Problem (Teat No. 8)

The above change was incorporated in the configuration flown on 4 May 77. 5
Unfortunately, a new "glitch' came to light on that date: The load extraction force
developed a trangverse component which caused the retaining ring for the 3/8 in, '
(. 963 em) pivot pin {which secures the swing pin of RR1) to fly off, The unres-
trained pivot pin immediately fell out, prematurely initiating main parachute 1
deployment, The drogue chute and the 2001t line were stil] in a horizontal attitude :
at this point #nd the subatantial deceleration forces broke the doughnut's restrain=- -'.f
ing straps allowing it to glide along the uninflated main parachute, atopping over ',:
the canopy area, When the array swung into a vertical attitude, the doughnut kept
the main chute from opening, The fouled lines inhibited balloon extraction also, . :
The array desdcended to the ground on the drogue chute alone, landing at a very !
high terminal velocity (approximately 01 [/sec, 18,4 m/sdec), The impact way 9
cushioned somewhat by the crushable padding, which was lNattened in the proceds,
There was some damage to the rugged test box, but not enough to require rebuild- 5
ing.

Degpite the frustration of the May 4 failure, it was docided to press on, A
repeat test was conducted on 11 May 1977, with the faulty grooved pivot pin and
retaining ring replaced by a threaded bolt and self=locking nut (sece Figure 14),

Figure 14, Radloplane Release, Showing Bolted Pivot Pin
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4.6 Success at Last (Test No, 6)

Patience was finally rewarded on this occasion, All events occurred on sched-
ule and exactly as planned, The dummy balloon was stretched out vertically to its
full length of 102 It (31.1 m) in approximately 8 sea, The aircralt speed was
higher this time, 130 kt, but the higher load extraction forces caused no problem,

With the successful completion of all scheduled events at 10, 000 t, the way
was now clear for a test at 25, 000 ft. The experience gained in the preceding tests
had eased earlier concerns about operating under the harsh, open-cargo=-deck
environmental conditions at 25, 000 ft. Aa it turned cut, the cargo master, photoe
mate, and other cargo deck personnel were able to function quite well.

It should be mentioned that moderate "coning" of the 42-It parachute was ob=
served for the first time on the 11 May test flight, This motion, in which the
lower part of the main chute and its load rotated through an included arc of abowt
30 degrees (as opposed to simple back~and=forth pendulum oscillationa), was quite
noticeable as the array descended to the ground. It gave rise to another system
modification described in the next paragraph.

4.7 The First High-Altitude Drop (Test No. 7)

The firat drop at 26, 000 ft was conducted on 28 May 1877 (airspeed: 130 kts),
All stages deployed properly, with no adverse effects due to inoreased altitude,

In an attempt to reduce or eliminate coning, the hardware at the apex of the
42-It chute was changed for this, test to allow Nuller opening of the apex. It was
believed that the inflation tubing would not survive the harsher environment at the
apex and hence, it was routed up one of the main chute suspension lines and over
the top of the canopy fur the first time, (Previously, it had been attached to the

*Actually, the most verious problem encountered in the 26, 000 ft launches was the
precision fying required ol the T-28 photo-chase plane. Thia called for a learn-
ing process on the part of the Navy pllots who flew this aircralt and there was
noticeable improvemunt in the quality of alr=to-air photo coverage as the number
of released at 25, 000 ft increased, From discussions with these pilots, {t was
obvious that the tight turning radius needed to keep in contact with the descending
ALBS array required maximum coordination and led to substantial physical dis~-
comlort, (The same was true of the photomate manning the camera,) At any rate,
the air-to-air covernge wau truly spectacular towards the end of the Night neries.
The aame improvement was noted in the photography taken from the platform of
the C-130, where, even though g-forces were not a lactor, ambient temperatures
at the open ramp were very uncomfortable, (Part of this improvemeut was due to
a larger camera lens size which exparience dictated,) (In addition to the airsto~
air coverage just described, the NPTR had several high resolution {racking cam-
nras following the ALBS test events from the ground, plus cine=theodolite cover-
age for time, distance, height, and velocity measurements, and video cameras
for live coverage. The quality of this covenTo was uniformly good and made it
poasible to know at all times what was happening or what did happen during the
course of the tests,)
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center line,) A swivel was added to the balloon deployment line, as an additional
change, to prevent twisting of the drogue from affecting the balloon,

There was no damage in this test to the rerouted tubing. (It was attached in
the same manner for the reat of the fight teats.) The fuller opening of the apex
did not alleviate the coning problem, however, and it continued to be a worrisome n
item, eventually leading to the specialized coning tests described under tests
no, 12 end 13.

Damage did occur on teat no, 7 at the base of the doughnut, however, although ‘
it did not interfere with the deployment of the simulated balloon. The culprit was
the measured 7000-1bf (3.1 X IO‘N) shock loading developed during the exchange of
. momentumn between the recoiling doughnut and the suddenly decelerated cryogenic
1 unit, (See Appendix C,) It was decided, thersfore, to reinforce the doughnut for
the next test, In addition, eighteen (18) Nylon loops, evenly spaced, were ndded
to the centerline of the 42t chute, The loops were secured to a restraining steel
eye by 380-1bf (1587N) breaking atrength ties, It was belleved that sequentially-
interrupted deployment of the centerline folds would attentuate the shock, (The laot
: that the inflation tubing was no longer attached to this centerline made such an
"y action feasible,) Thus, & repeat of the 25, 000 ft (7620 m) drop was planned using
the dutimy balloon, the reinforced balloon containment bag, and shock-attenuating
ties on the centerline, (See paragraph 4.9 for a description of test no, 8,)

S| ' 4.8 A Change of Scope

The NPTR test series had baen planned to test the dynamiocs of the parachute
system with the understanding that midair deployment of the real ALBS balloon
would be carried out for the lrat time at Holloman AFB, (A scientific balloon
L : would be the deployment vehicle for that test.) However, as the tests at the NPTR
" . progressed, the idea of carrying out the firat balloon deployment test there became
'’ {ncreasingly attractive, Permission was obtained to add this test to the NPTR
series and plans were made accordingly, even while the original test series with .
1 the dummy balloonh was being carried out. One of the three special ALBS balloona 1

at AFGL was shipped to El Centro for the newly established test. It quickly be-
came apparent that the doughnut would have to be enlarged slightly to accommodate y
the bulk of the balloon and its large ond Httings, Moreover, it appeared that the
| lowar rims of the end fttings would have to be carefully padded to keep them [rom
| cutting through balloon material at the time of application of the 7000-1b! force dis= !
cussed in paragraph 4,7, These were not major changes, however, and it was ..
agreed that the real balloon would be flown after the last scheduled test of the '
K dummy balloon.
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4.9 The Final Test of the Dumimy Balloon (Test No, 8)

On 17 June 1877, the dummy balloon vas deployed from a C-130 over the
NPTR for the laat time (26, 000 ft, 130 kt), All stages functioned properly, The
reinforced doughnut was not damaged, The measured deployment shock stayed at
7000 1b!, however, indicating that the 18 Nylon loops were ineffective a3 shock
reducers, In the interest of system simplicity, they were dropped from the con-
figuration and were not used again,

4.10 The Inflation Tubing Question

At this point, it was clear that the actual dynamliec performance characteristios
of the parachute saubsyatem matched the requirements established for midair balloon
deployment. Interest was now focused on the matter of survivability of the real
balloon under the verifled dynamic conditions, (Survivabllity of the rugged dummy
balloon was never in question,) However, aa plans were being made for the deploy-
ment of a real balloon to test {ts aurvivability, atill another likely problem area
came under close review: the adequacy of the inflation subsystem,

The preceding tests had shown that the 3-mil (0, 0078 om) thick inflation tubing
could be deployed without damage when attached to one ol the suspension linews of
the main chute. (It was enclosed in a protective canvas sleeve, see Flgure 11,)
This fact did not prove, however, that gas from the oryogenic unit would actually
pass amoothly up through the deployed tubing and through the interior Hiling tube
in the ALBS balloon, Twiating and kinking of the inflation tubing were seen as
distinct possibilities, An obstruction of this type would lead to tubing rupture with
the gas escaping to the atmosphere, rather than filling the balloon, Clearly, this
aspect of the ALBS proceds would also have to undergo demonatration testing before
confidence could be established in the overall inflation process.

Gradually, a plan evolved whereby a mini-inflation system would be added to
the NPTR test vehicle so that a small amount of gas could be paased up to the
balloon to verily the sultability of the inflation tubing, This would not be attempted,
however, until the real balloon had at least one succeualul deployment, (See
tests 9 and 10,)

The mini-inflation system was to conslut of two standard '"K" bottles of com=
prossed Helium gas (220 SCF (6,23 m’ ) each) which, along with appropriate valves
and regulators, would be strupped to the underaide of the test vehicle, This sys-
tem was to match as closely as possible the gas output characteristics ol the much
larger ALBS cryogenic unit (which could not be deployed Irom a C~130), The NBS
ugreed to put such a aystem together and ship it to El Centro for the planned teat
(test no, 11),
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4.11 First Deployment of the Real Balloon (Test No. 9)

On 20 June 1977, the first deployment of a real ALBS balloon was altampted.
The C~130 was at 25,000 It, 130 kt e, a. 4. First and second stage deployments
occurred normally and the balloomn actually started to move upwards out of the
doughnut under the drag of the drogue, Only about a 6-ft (1, 8 m) length of balloon
was actually pulled out, however, due to the opposing action of an interfering line,
The system [loated to earth with no damage to the balloon or test vehicle,

4.12 A Successful Balloon Extraction (Test No. 10)

The above test was repeated on 7 July 1977 with the offending line removed
from the path of the nscending balloon. Also, four Nylon girdling bands were added
around the doughnut pack to control bulk, The results were very gratifying, The
entire balloon was extracted readily and sulfered no damauge either {n the axtraction
or during the descent to the ground, It was oclear that the maximum dynamic pres-
sure experienced was well tolerated by the uninflated balloon material, Serious
twisting of the {nflation tubing between the base of the balloon and the top of the
main chute was observed in this test, however, conlirming earller apprehensions
on this score,

In prior tests involving only the dummy balloon, the inflation tubing had been
tied in several places to the centerline of the 42-ft chute or (later) to one of the
suspension lines, Since the dummy balloon had no sttuchment point for the tubing,
the latter waa tled off juat above the apex of the 42-ft chute, A uimilar procedure
was used at the interface between the test vehicle and the base of the 42-It chute,
Thls arrangement kept the inflation hose from indicating, by twisting, any relative
motion between the dummy balloon and the 42«[t chute, (Twisting at the lower end
was not considered a problem and would have buen detacted from box rotation, if
present. )

In the test with the real balloon (test no. 10), however, the top end of tho inlla-
tion tubing was attached to the flanged {nflation port on the bottom end fitting of the
balloon, (The bottom of the tubing was atill tied off {n the test vehicle,) This new
connection olearly showed up the twiat problem and alerted all to tha need for
remedial action at once, Twisting of the {nflation tubing would cripple the planned
mini-inflation teat and, thus, could not be tolerated,

Of tho many idean discussed to eliininate the twisting, the one proposed by
Lt, Warren Mausey of the 6511 T, S, seemed to be the most promising. It involved
a floxible no-twist metal linkage system: whloh could be [olded in the packing of the
balloon and main chute, and which allowed only a quarter~turn of twist between the
two, This no«twist linkage (NTL) was fabricated for use on the mini=inflation test
flight about to be described. It is depicted in Figure 18, which is a sketch of the
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complete complement of hardware ltems required ut the base of the ALBS balloon
for a live flight, (This {a the configuration actually assembled for the Holloman
balloon drop test.)

4.13 The First Attemptoed In-Flight Inflation (Test No. 11)

On 26 July 1877, the ALBS test vehicle, modilied to incorperate the mini-
inNation ayatem (see Figure 16) wan extracted over the NPTR (28, 000 [t altitude,
130 kts e, u.8,), Balloon deployment was accomplished readily and inflation was
begun at 'I’0 + 40 sec via a timer-opaued solenoid valve, The gas did not appear to
have gone into the balloon as planned, however, The f{ims were inconclusive in
that they could have been Interpreted as showing either n slight inflation or none at
all. In addition, the recovered balloon was slightly damaged upon impaoct with the
desert torrain of the NPTR, and one hole near the apex would have released any
gas which might have gone into the balloon,

When the recovered inflatioh tube was examined, several long burst-cavsed
tears were noted in the area which had been just above the tewt vehicle, that is,
at the base of the 42-ft parachute. The teut lllmu showed that the inflation tubing,
which had been shortened somewhat for this test, might have been stretched taut
in that location by a ponslble 3/4 turn about the 42-ft chute confluence point, thus

LU THE CRIRTIr Sy Waupai

Figure 18, ALBS Mini-Inflation System Bolted to Bottom of Tent Vehicle
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obstructing the flow of gas and allowing a quick buildup of pressure, Whether
this actually occurred could not be determined, It was established, however, by
tests conducted later at NBS, Boulder, that the bulldup of pressure in the tubing
was almosat instantaneous (as opposed to the gradual bulldup with the cryogenic
unit) and that ulmost any obstruction in the inflation tubling would have led to the
burat exparienced, It was concluded that the test should be repeated, but only
after the mini-inflation system had been modified to provide a gradual pressure
buildup which the tubing could tolerate,

The test films alao showed that the no=twist link between the apex of the 42-ft
chute and the bass of the balloon was very efllective, The link bacame a permanent
part of the system configuration as a result,

Coning of the 44-It chute was noted again in this test, and, in the "peal time"
fllms of the teat, was quite pronounced, (The high speed photography, 100-200
frames /sec, tended to mask this motion,) It was believed that the 42-t chute
centerline was the chief cause of this coning and plans were made to [ly two tests
of the 42-chute alone, using a 1800-1b (B672N) waight bomb to simulate the test
vehicle. One test would be with a centerline, the other without, in order to deter-
mine the elfeot of the centerline, (See tests 13 and 11,) The desire to eliminate
coning aroae [rom concern ovor possible loss of fluld dtratification in the cryogenic
unit and fear of pinching the inflation tubing off,

As preprrations were made for a repuat of the balluon inflation teat, other
modifications beyond the change in pressurs bulldup time were worked in. These
{ncluded adding slack to the inflation tubing, shortening the connection between the
maln chute and test vehicle, replacing the atraight gas inlet pipe on the balloon's
bottom end Iliting with a large elbaw, and fabricating a new, smoother and less
bulky canvas protective sleeve for tho inflation tubing, The Impact«-caused holes
in the balloon were patched to insure that the Inflation gas would be retained,

The plunned balloon drop at Holloman A¥D (after the completion of the NPTR
tests) had been recelving conslderable attentlon during this same time perfod, and
it was doclder to incorporate in the upcoming NPTR brlloon inflation test Home of
the ltema that would be used at Holloman, (These fternd would Le added to test
physical compatibility, They would not be functional,) The items {ncluded an 8=
conductor cable attached to a suspension line of the 42+t chute and two explosive
sweparation devices (a shear nut and a Tenney load attachment device) at the base of
the balloon, as would be required for termination of the ALBS balloon [light at
Holloman AFB (see Figure 18), (The 12-It chute was shipped to Holloman AFR for
Inatallation of the 8-conductor cable and was returned to the NPTR for the teat,)

In the interest of economy, the two tests to determine the cauae of the coning

action of the 42«1t chute were scheduled for the same day as the repeat of the balloon

inflation test, The C-130 would carry all three drop vehinles aimultaneously,
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releasing the 42-ft chute/weight bomb test packages at 10, 000 It (two passes) and
climbing subaequently to 28, 000 ft to release the ALBS module, After many delays,
this series of dropa (teats nos. 12, 13, 14) finally took place on 37 October 1877,
The results are described below,

4.14 The Coning Investigation Teats (Tests Noa, 13 and 18)

On the first teat (no, 12), the 1300-1b weight bomb was dropped on a 42-ft ring
sail chute equipped with a centerline, Definite coning, of the type and magnitude
exhibited by the full systems, was noted. Unlortunaiely, in the second drop (teat
no, 13), several suapension lines of the 42-[t chute (no centerline) failed, causing
the chute to drift, Thus, although no coning was noted, the test was not cunsidered
meaningful because of the resultant parachute distortion, These tests proved that
the 42=ft chute did indeed cone with a centerline in plnce, but the parachute's
behavior with a heavy luad in the absence of that line was not established. The
tests were not repeated, for reasons given in the discucsion of test no. 14, and as
of this writing, the question had not been resolved. (It should be noted here that
the 42-It ring sail chutes used in these tests were new to the G811th test squadron,
and there was little information avallable on their performuance characteristios
under various conditions,)

4,15 The Second Balloon lnfation Test (Teat No. 14)

The seaond attempt to achieve partial inflation of tha deployed balloon waa
initiated when the C-130 leveled off at 26, 000 ft, ulter the above coning tedts, A
problem developed just ns the ALBS module was leaving the rump of the C-130,
however, which doomed the test to failure: The deployment of the main chute was
initiated prematurely (by approximately 0 sec) so that it opened while still in a
horizontal attitude and at a much higher velocity than planned. The shock broke
the centerline of the chute, damaged or broke several panels and suspension lines,
and tore open a large hole in the partially exposed balloon, Remarkably, the nor-
mal two-parachute configuration was subsequently uchieved anhd the balloon was
aven extracted to full longth, The system descended to the ground on both chutes,
with tha tattered balloon fully deployed,

Post-Ilight examination showed that the gas inflation system had discharged
properly. There was no way of telling whether gas had gone into the balloon,
however, because of the many rips in the balloon fabric, Moreover, several long
tears where found in the inflation tubing, juat below the point of attachment to the
balloon's lower end fitting, which, incidentally was badly darnaged, It was not
posaible to tell whether excessive main chute npening forces or gas pressure had
#plit the Inflation tubing.
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The basic cauge of the fallure wag a matter of speculation, From damage
marks noted inside the test box, It appeared that RR1 (see Figure 9a) had struck
the bottom side of the box as it was being pulled forward by the taut 200-ft drogue
line, The impact was apparently severe enough to break or prematurely discharge
the release, (It was never recovered,)

Normally, the load extraction sequence is ag follows: The packed 28-ft drogue
is released into the airstream behind the C~130 by triggering the pendulum release
device on which it is hung, As the chute pack maves away from the aircraft (rela-
tively speaking), deploying the 200-ft line from its base, it develops a downward
component which 18 transferred to the 200-{t lilne, When the line becomes taut,
the 28-ft chute i3 extracted from the pack lines first, and opens up, The rapidly-
develnping deceleration force is applied via the 200-ft line to the attachment hard -
ware at the test box, breaking the restraining tie-cords (shown earlier in Figures 4
and 5) and pulling the suspension lines out of the box to form a pyramid, (Fig-
uras 17 and 18 show the first stage pyramid in a vertical attitude during pre«flight
preparations, In actual flight the pyramid is horizontal, initially, RR! {8 near
the apex of that pyramid,) When the suspension pyramid becomes taut, the 1000-1b
(4448N) resiraining line {3 broken and the box moves out of the aircralt (see
Tagure 19),

In this case it {3 suspected that there was w momentary delay in the extraction
of the 28-ft chute from {ts bag at line stretch and an impulse was developed which
was trandlated back to the box on the ramp of the C-130. The downward compouent
of this impulse, in combination with line recoil, apparently caused RR No. 1 to
strike a metal fairing on the bottom dlde of the box with great torce, thus initlating
the premature release,

This failure was both unanticipated and demoralizing in thai it introduced a
new uncertainty into the mir=launch process. The engineers at the 6511th Test
Squedron belleved that the configuration used to date could permit the failure just
experienced to reoceur on a random bashs. Thus, any attempt to repeat the balloon
inflation test again would be threatenced by the possibllity of ancther lallure at the
ramp. Extensive engincering and testing v.ould be required, in their opinion, to
reduce the chancos of such a lallu.e to an acceptable letvel,

It was reluctantly ageoeed that the NPTR test Mights would be terminated immed-
iately, even though the coning tssur had not been resolved and the inflation system
had never really been guccedsfully tested, 1™ls ducision was influenced by a short-
age of fundd to expand the effort at the NPTR to encompass extraction reliability
tests and by a desire to avold further major slippage of the long-delayed balloon
drop test at Holloman AFB. It was reasoned that a successiul proof=of-concept
test at Holloman would allow the next phase of the program to start, namely the
development ol the "hardened" version of the cryogenic unit, suitable fo. extraction
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from a C~130, During the development of that versjon of the ALBS, more relizble
extraction techniques would be worked out.

Thus, the program's emphasdis now shifted entirely to pruparations for the
Holloman launch. The engineers of the 8511th Teat Squadron were active partici-
pants in these proupurations and arranged both to furnish many of the components
needed for the drop and lo be present for the package preparation and post-fight
aggessment,

With the termination of the NPTR test program, there was some regret that
not all of the questions had been answered. Nevertheleas, there was a feeling of
solld achievement in that the original NPTR light test objective (see paragraph
3.2, 1) had been fully met and that important data had been developed over the
above that originally sought, Also, plans for the Holloman drop could be formulated
with a degree of confidence in parachute system performance which would otherwise
have been impossible,

Note; The foregoing discussion of the NPTR tests gave no indication of attend=
ance by the author. Actually, he made several trips to El Centro during the pro-
gram, staying almoat a month on one occasion, However, despite the best of
planning, it was not always possible to forecadt the delays and postponements which
occurred because of unsultable weather, aircraft breakdowns, range nonavailabil-
ity, ete. In the period of a month, he made two separate week long visita to wit-
ness a test, which was eventually conducted later in his absence, Fortunately, an
excellent rapport way developed with the 6511 T, S, which permitted test prepara=
tions and results to be monitored closely by telephone, in lieu of actual attendance,

Table | summarizes test conditions and indicates tests at which the author was
present,

8. THF HOLLOMAN AFB/WHITE SANDS MISSILE RANGE BALLOON
DROP TEST

5.1 Priov Preparations

The preceding discussiona show that the drop of the live ALBS module from a
carrier balloon at 25, 000 ft over the White Sands Missile Range had been in the
test plan from the atart, It was postponed several times because it could not be
conducted before the NPTR parachute subsydtem tedts were completed and they in,
turn, were prolonged both by technical problems and by an expanded scope of effort,
However, with the termination of the NPTR tests in Novernber 1977, a firm time
period for the Holloman test was finally established: 17-20 January 1878,




The broad spectrum of preparations required for this test could not possibly
be completed solely within the November to January time period. The January
date was chosen only because most of the preparations had been started several
months earlier and were actively in progress while the NPTR tests were being ; :

\ conducted, By way of illustration: "3

(a) The lightweight cryogenic unit had been bullt and was fully tested by the 1
Spring of 1877 (see Appendix D). b §

(b) Three (3) of the apecial ALBS balloons had been procured in 1878 and one
of the three had already been deployed in midair several times by the end of the
NPTR tests,

(c) The parachute subsystem had been fully quaiified at the NPTR, both with
a dummy and a real balloon,

(d) An S-Band telemetry module with UHF command and control functions and
appropriate sensors had been made up at AFGI. for the Holloman flight (nee
Section 8. 4),

(e} The inflation tubing assembly had been fabricated and had been flown with~
out harm on most of the NPTR tests. (Although it had not been fully qualified when
those tests anded, the decision was made to use it without change in the Holloman
test, with great care taken in {ts handling and installation,)

O (f) The remnining major (tem was the interface component to tie parachutes,
! balloon, cryogenic unit, and payload together, Key meetinga had been held at the
NPTR during the week of 18 July 1877 on the subject of the Interface deaign, with
inputs from engineers of the 6511 T, W,, the NBS representative, the AFGL tele-
metry englneer, and the author, The result was the plan for a box-like container
(for the packed balloon, the 42«ft main chute, the TM package and the cryogenic
unit recovery parachutes) which would be attached to and become a superstructure
for the cryogenic unit, * Thereupon, NBS undertook the construction of the
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*Wlth this design, main chute deployment and balloon extraction would occur essen-

tially as they had during the NPTR tests using the same staging timea. (See foot-

note ** on page 26.) Then, after drogue release and balloon inflation (stages 4 4

‘ and 5) had been accomplished, a new 6th staging operation would be accommodated: 4 0

The cutting away of the cryogenic unit to permit the balloon to ascend. (See foot~ I
. note * on page 586, ) 1
.‘1 : It {s to be remembered here that in the NPTR tests, the 281t extraction chute waa :

; released to the airstream by the pendulum on board the C-130, As the chute moved

] out (c¢f, paragraph 4.15), {t deployed the 200/t extension line and then, as it began
to open, {t developed enough force to pull the ALBS test vehicle off the aircraft
ramp, Subsequently, the wyatem swung through a 80° arc to complete the transi-

. tion from horizontal to vertical attitude (end of [irst staging operation),
In the balloon drop test, the ALBS unit stays vertical at all times, Aa it falls
freely it deployy the 200-ft extension line above it which, when taut, pulls the
28-ft chute out of {ts pack, which {s secured to the carrior balloon's load bar (see

. Figure 20), When the 28-It chute opens, the balloon-dropped system is in the same
same configuration as the aircraft-dropped system at the completion of the first

staging operation (see Figure 9a). In hoth cases, deployment of the main chute
(second stage) occurs at t, + 10 sec,

oS O

Sy

43

armiee Al 7t g v e U atibadiggr ond s b




Figure 20, 28-ft Drogue Chute Attached to Carrier Balloon Load Bar

superstructure and mated it with the cryogenie unit at Boulder, By late November,
it was ready for shipment to Holloman AFB (see Appendix D),

(g) After the interface method was established in July, the author was able to
generate a detailed mouter sketch of the system (I'igure 21 and 22), Ad4 he was
working on thly sketch, which shows the system at the completion ol the third atage
(balloon extraction), several informal meetings were held at AFQGL to resolve
questions with regard to such matters as the technique for terminating the flight of
the ALBS balloon, the method to be employed for releasing the drogue chute about
halfway through the (nllation process, and the procedures for disconnecting the
Inflation tubing, cutting the main ckute centerline (see * at bottom of page 50) and
dropping away the cryogenic unit at the end of {nflation., The answers to these
questions, in turn, helped to pin down the specitics of commands to be used, the
daquence of those commands, power requirements, cable requirements, and the
like. Once these details were resclved, priority was given to ordering, fabricating,
or gathering together all of the pleces of required hardware, (As indicated in the
discusaion of the NPTR teats (see paragraph 4. 13), some of the components were
even integrated physically into the 6511th T. S, teat vehicle to check on their com-
patibility with the flight components already in use.) By late November, most of
the {tems were on hand or in the final stages of completion,
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| 5.2 Flight Planning Meetings
t
5,2,1 GENERAL

When the January date was established for the Holloman drop, it became neces-
sary to make Detachment 1, AFFGL, at Holloman AFB an active part of the test .
tearn, (Prior to this time, detachment personnel had been in readineas for this
call and hnd been kept fully informed of happenings at El Centro and elaswhere,)
The author conducted a series of planning meetings at Detachment 1 during the . -
week of 0 December 1077, A broad range of toplcs was covered, including test
objectived, event sequences and timea, potential launch aites, preferred target
aren, range support requirements, load bar configurations, and Detachment 1 R
logistical operations in support of a remote launch, if so decided, 'The NBS repre-
sentative attended some of these meetings, in addition to checking out the flight-
weight cryogenic unit which he had just transported by truck from Boulder, (I'or-
tunately, all components of the cryogenic unit, including the shock-sensitive "
vacuum systema for thernial protection, survived the trip without harm, The
cryogenic unit and its box-like superstructure 'vere left nt Detachrent 1 to be .
ready for the January [light,)

8,2, 2 THE CHOICE OF LAUNCH SITHE

A prineipal determinant in the cholee of launoh site was the requirement that
the ALBS roleade be made over a tedt range, ('I'his requirement arose from the
experimental nature of tha ALRS deployment process which, in cade of fallure,
would allow the heavy cryogenio unit to descend to the ground at a high terminal
velocity, and from the potentinlly hazardous pressure bulldup in the cryogenic unit,
if it should land intnet and undischarged, with the pressure relief valve jammed B
shut by impact forces, (See footnote * on page 08,)

Because Holloman AFH, where most Detachment 1 launches are made, {4 at
the eastern edge of the White Sands Missile Range and because the prevailing winds

i at 26, 000 It over the WSMR in January have a atrong west to coaat component, a
| launch weat of the usual site was initinlly indicated, Probable flight trajectories
l were then made up, using January wind (felds, and allowing the carrier balloon to
climb at 900 fpm to the 26, 000 relenss altitude, They showed that an on-range
t launch would provide an acceptable flight path only a small percentage of the time,
whereas an off-range launch was quite likely to produce the desired trajectory,
‘ Another determinant was the requirement for photo coverage of the A1LBS
] releasn, The trajectory obtainable from a remote (off-range) launch would position
tho target area more favorably with regard to normal range telescopic motion
picture and video camera locations,

The dinadvantuges of the remote launch were only too obvious: Several daye of
per diem costs for ten (10) or more Detachment 1 personnel; the complicated
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loglstics associated with gathering and transporting all the necessary vehicles,
supplies and equipment 150 miles to the preferred remote site; the coat of renting
temporary facilities at that aite; the inability to man recovery creaws adequately
with the personnel ataying behind at Hollomun, etc.

The planning meetings resulted in the declalon to launch off-range and in the
choice of the munioipal airport at Truth or Conaequences, NM (T or C) as the
remote site, a decision which was subsequently approved at the Division level,
That site had been used previously by Detachment 1 so that preparations for the
remote launch were able to benefit Irom prior experience,

8,2,3 RANGE REQUIREMENTS DOCUMENT

As a result of the planning meetings, Detachment | was able to prepare the
Range Requirements document needed to enlist the support of the WSMR photo=
graphie, tracking, and communication resources in connection with the planned
ALRS drop tedt, That document, in turn, spawned a WSMR Operational Directive
{OD41418A) which outlined the support actually to be provided,

The Range Requirements document (Operation Requiremeant No, 41418) is
reproduoed {n part here (with minor changed) to summarize the test environment,
objectives, nnd time schedules selected for the planned ALBS test:

5,2,3,1 Program and Mission Infurmation

(a)} Test Objectives: 'The purpome of thin program is to air~launch a high
altitude research balloon, This will be accomplished by carrying the wyatem to an
altitude of 28, 000 It on a carrier balloon. When in position over WSMR, a ground
command will {nitiate the drop sequence, It s anticipated that launch of the carrier
balloon will be from Truth or Consequence, NM so that prevailing winds will drive
the system over WSMR for the teat,

(b) Drop Sequence: It will take approximately 1 hr from luunch at Truth or
Consequences for the carrier balloon to be in position over the 80 mile area of
WSMR at 25, 000 ft, When in proper position for optical covarage, a drop command
will be tssued from the Balloon Control Center at HAFB, The ALBS package con-
sisting of a cryogenic helium unit, a packed 43-ft parachute, packed air launched
balloon, and slectronic control package will fall from the carrier balloon deploying
a 28-ft chute in the process, At T + 10 aac the packed 42-ft parachute is pulled
from the container above the cryogenio unit by the 28-1t drogue chute, At T + 20 sec
the air=launched balloon (ALB) s pulled rom its contalner atop the 42-Nt chute by
the 28-ft drogue chute. After the ALRB is fully deployed as verilled by Detachment 1
airborne obeerver and/or range TV coverage a start inflation command will be
tssued by the Balloon Control Center. Inflation will take approximately b min,
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Theveupon, commands will be {ssued to release the 28-ft drogue chu!e' and drop
the aryogenic unit on three 32-ft chutes, Both the carrier balloon and the ALB
will float at approximately 70 K [t and will be terminated off range, probably east
of the Saoramento Mountains, Using standard balloon recovery techniques, all
recoveries will be accomplished by Detachment 1, AFGL,

8,2.3.2 Vehicle and Payload Information

(a) Alr launch balloon system (ALBS) description: The ALBS consists of a
carrier balloon (0, 803 MCF) and associated HF control package, Suspended
below the load bar by a nylon strap and dual separation devices will be a large
wooden box containing the packed alr launched balloon, 42-<ft parachute, UHF bal-
loon control syatem for airberae inflation, and three (3) 32-0t parachutes for
eryogenic unit recovery, WSMR aupplied Cuband transponders will be llown on
both bulloon wystems., A packed 28«/t drogue chute will be attached to the load bar
and will be deployed at the (nitiation of the system drop. After ALBS inflation,
this drogue will be released by command, The cryogenic unit will also be dropped
alter inflation and be racovered on three (3) 32-ft chutes, These two itema will be
recovered ot range by Dotachment 1, AFQL, peraonnael,

(b) ALBS aystem welghts: Total nystem weight: 3023 lbs:

ALBS weightt 1770 lbs,

(c¢) Inatrumentation: The carrier balloon will utilize an HI* command and
balleon cotitrol puckage. Telemetry, downlink will also use an HF syntem, The
ALBS will utilise a UHF (420440 MH2) command bnckue with an 3-band (2200~
2300 MHe) telemeiry system, All balloon commands und telemetry will be acoom-
plished by the Balloon Control Center, Bldg 880, HAFB, NM. ‘

(d) Vehicle demoription: Both balloons are constructed of 1, 8 mil thiok poly-
ethylene. The carrier balloon has & muximum {nflated diameter of 128 ft and
weighs 614 1b, The ALBS han a maximum inflated diameter of 73,6 ft and wolgha
180 1b,

5.2.3.3 Vehicle lhatrumentation Systems

(a) Hach balloon vehicle will be equipped with standard command, control,
telemetry, and destruct syatemu, Thene aystemn are provided by AFGL, and
operated by the AFGL Balloon Control Center at Bldg 830, Holloman AFB, In
addition to providing the routine balloon altitude contral functions (ballast drop or
helium release), AFGL provides certain command functions to facilitute system
drop, inflation atart, chute release und cryogenic unit drop, A command and
telometry van, user supplied, will be usad at the launch aite, T or C airport,

l"Auh.mlly, the drogue waa to be released at 'I‘O + 3 min (Author),
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5.2,3,4 System Readiness Procedures/Tests

L - 4 days

1. = | day

L -6 hr

L~3hr

L, = 80 min,
1, < 46 min,
L » 18 min,
L. = 0 min,

L.+ 10 min,

I.l + 1 ht‘

T = B min,

T = 00 sec
T « 10 vec

T + 10 sac

Event

Still pictures of payload build-
up at Bldg 850

Transponder at Bidg 880 for
installation on payloads and
checkout

Transport payload to launch
uNtl:/l' Truth or Consaquences,

Inatall range intercom at
launch site

AFQGL aircralt transits range
(Alamogordo to T or C alre
port)

Begin pibal support at launch
aite (T or C)

Still and motion pletures at
launch site

T randponder check

All stations ready

Inflate balloon
Trandponder chack
L.aunch balloon

Begin FPS=16 radar track
Radar plot to Bldg 850

ATQL alrcraft take oft trom
TorC

Halloon {n position for drop
uf ALRS

Optic atations ready
Begin countdown

All atations ready lfor drop

Digital radar bogind FP8-14d
No, 1

Start telescope camerad at
100 fps

ALBS drop
Teledcopas follow puckuage

Radar track begin on ALBS
(FPS-16 No, 2)

42-It orangu and white deploys,
Teleacopes track chute and
package
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Action Agencies
and Remarks

Doe Photo

WSMR/radar

Do oo cloan caThosiacgi - cogis B

User/AFGL

User/Commeo

User

Met
Doc Photo

User/WSMR radar
All

AFRQL
User/WSMR
AFGL
WSMR/radar
WSMR/chaln
AFQL

AFGL

WSMR/aptios

A¥GL/Balloon
Control Center

All
WSMR/radar

WSMR /optics

AT'GL
WSMR/aptics
WSMH /radar

WEMR/optics
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£ Time Event -and Remarks

T + 20 sec Telescope center on top of WSMR/optice
42-ft chute for balloon deploy-
ment

T + 30 gec Completion of air launched WSMR /optics
balloon deployment, Tela~
scope center on balloon

T + 35 sec Command inflation begin AFGL

T + 80 sec Digital radar complete WSMR/radar
Telescope cameras awitch WSMR/optics
from 100 fps to 30 Ips

T + 3 min. Telescope center on top of WSMR /optics
balloon for drogue chute cut

T + 3 min, Command drogue chute cut AFGL

T + 5 min, 356 sec Inflation complete AFGL
Teleacopes center on lower WSMR/optics
package for cryogenic unit
drop
Command cryogenic unit drop AFGL
Oune telescope stay on eryo- WSMR/optics
genic unit until cluster of 3
ohutes open, approx 30 sec,
One telescopo stay on ALB
unttl T + & min,

T + 8 min, 30 sec Optics complete WSMR /optios

T+3hr Terminate carrier balloon off AFGL
range

T + 3 hr, 30 min, Balloon/payload impact

T + 3 hr, 43 min, Terminate ALBS Ilight off AFQlL,
range

T - 4 hr, 15 min, Balloon/payload impact

T+ 8 hr Mission complete All

Action Agencies

8,3 Cholce of Carrier Balloon

During the latter half of 1077, it had been amsumed that the carrier balleun
would be from the §F128-200-TT series, This ballonn model has s nominal ex-
panded volume of 0, 8303 million 1’ (22741 m3) and has a recommended maximum
payload capacity of 2200 1b (9788N), It weighs approximately 600 ib (2688N), How-
ever, as a result of the planning mestings at Detachment 1 in which the weights of
the carrier balloon's load bar, ballast huppers, range communications packages,
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and the like were added to the new weights of the ALBS module, * 1t appeared that
the esgtimated total weight on the carrier would exceed the recommended 2200 1b
payload by approximately 225 1lb (1001N), (See 'I'.ble 2,) This ralsed the spectre

. of carrier balloon failure, Additional planning meetings at AFGL led to the decia~
ion to employ, instead, a special double-walled balloon, model SF 118, 86-150
DWR, left over from the earlier POBAL (Powered Balloon) tests at AFGL,

! The POBAL balloon I8 & much heavier balloon, weigl.ing 776 1b (3452N), but it
has a recommended carrying capacity of 5, 000 1b (22240N). Its expanded volume
is 0,711 m t‘ta (20135 n.a). With the enhanced lilting capaczity, it was possible to
plan for 400 1b (1779N) of ballast instead of the 200 1b (§90N) (maximum) permitted
with the ea:.ier balloon/payload configuration. The extra ballaat would affo, 4
greater [lexibility in positioning the system over the target area and wnuld aid in
the subsequent flight of the carrier tlloon to the east, after dropping the AL BS
module, Then, unexpectedly, the word was received from Detachinent 1 thu: the
only launcl. arm capable of accommodating the POBAL balivon was vul of commis=
gion and would not be ready for the January ALBS teat, This led to a quick survey
of previous flight historios of the 128-200-T7T balloun using heavy payloads., The

I {1 Findings are tabulated below (all flights successrul);

e Flight No. Payload (1b) N Free Lift (Ib) N

A H 76-052 22176 10119 283 <268

£ !\ H 72-077 3800 16902 352 1568

LR H 68-007 2000 8806 153 681

L C 88«001 20046 1332° 179 798

) C 67-018 2006 13326 178 192

Vo C 67-026 2006 13322 143 636

A C 67-034 24.48 11102 154 885

o \'f

?,i 8 As a result of the above histories, the . '8-200-TT balloon was relnstated as the

i- :’ carrier balloon for the ALBS drop and the amount of droppable ballast was reduced

v b N

P L to the original 200 1b (800N) figure. As shown on Table 2, the tentative payload

tf ‘1 weight was 2423 1b (10778N); gross weight was 3023 iv (13446N) and with 10 percent
_ l;;; free 1ift, gross inflation was expected to be 3325 1b (14790N),

¥ gﬁ

v %

* *’I‘he ALBS module had acquired appr- ximately 260 extra pounds (1112N) of welght
as various contingency modifications and reinforcements were added, It was now
""grossing out" at approximately 1770 1b {7873N), (See Table 3,)
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‘able 2, Overall System Weights, ALBS Balloon Drop Test White Sands Miasile 3
Range, NM Jan 1978 (Estimated Weights va Measured Weights

e =

(I Actual Weight ]
| Measurements . o
p: i Estimated Welght Before Launch B
- Item (1b) (N) . (1b) (N) p
3 ALBS Module and 28-ft Chute | 1770 7873 1812 8080 B
A R
. Load Bar, Double Unistrut, 90 400 92 409 d
-,-'l (Including All Hardware) \
A Ballast Hoppers (2 ea) 32 142 30 133 i
- Range Pack II, (Minimum 120 634 118 512
i Batteries) and Backup Pack .
Bl '
| C-band Transponder 10 44,5 25 111 ',
ll -4
1 Parachute, f,c., 100«It dia, 201 894 190 845 ‘
'| Durable Ballast, Glass Beads 200 890 200 890
P ALBS Release Mechanism “m- --- 10 44.9 K.
b | BE
"r EV=13, Strobe L L] - 8 40.0 :
¥ Subtotal a. 2423 10778 2483 11044 X
(Total Puyload on Carrier .
b Balloon) A
plus Welght of Carrier +600 2689 +809 2708
[ Balloon 3
\ L
3 = Subtotul b, 3023 13446 3002 13753 N
A CGross Weight at Launch b
i X 110 percent 33263 14790 3401,2 | 18128 : 3
! {10 parcent Free Lift)
‘1 = Qross Inflation 8
4 X 0,97 Correction Factor 3225.5 14347 3200.2 | 14678 !
‘-:l = Corrected Gross Inflation 4

54 97




Table 3. ALBS Module Weights, Balloon Drop Test White Sands Misaile Range,
NM Jan 1978 (Eatimated Welghts va Measured Weights)

Meaaured Weight
) Estimated Weight at Launch
3 Item (ib) (N) (1b) (N)
2 . 1. 28-ft Drogue Chute 46 208 48 208
1 2. 200-It Extension Line 38 180 36 160
3. Misc. Hardware on Line 20 8o 24 107
4 4. Balloon and Assoclated 200 880
Al Hardware 330 1023
3 8. Balloon Pack and Linkage 20 Be i
{
e 6. 42-ft Main Chute 128 586 130 878
3 Assembled
-:" 7. Simulated Comm. Relay 200* 890 200 800
E 8. Cryogenic Unit, Including 1003 4461 1079%* 4700
3 Box and Liquid Helium
3 9. Recovery Chutes for 90 400 67 208 .
Cryo Unit i
l 10. Ballast 30 133 0 0
1 1170 7873 1812 8080
§ * See para 8. 4, ;1

I'“"Includu three Layei's of Crushable Padding at Base, :z 3

8.4 The Simulated Tactioal Communications Relay | ;

The special ALBS balloon prucured for this program (Flgure 3) had been aized ) (
to take a groas loed of 575 1b (2558N) to 70, 000 ft (21,34 km), This load was orig- b
inaily to be apportioned approximately as follows; ]

|
i{ balloon and end fittings 2001b  BOON ¥

,, i tactical communications relay (dummy) 200 1b 800N [ 1

: 1 expendable ballaut 60 1b 267N ok

T 3 recovery chute 35 1b 186N Dy

A ) TM/Control pack 80 1b 386N 8
b 878 1b 25B8N

On thi; basis, the desired lift available from the cryogenic unit during the mid= :
. air inflation was upecified and rixed at approximately 833 1b (2816N). "Thls would 1
allow the balloon to support its own welght (200 1b) plus 375 1b (1668N) of payload o1

and to have 10 percent excess lift to insure a normal rate of rise,
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As hardware waa selected and assembled for the January flight, however, it
became necessary to revise the above apportionment draatically, For example,
the balloon, strobe light, EV=-13 value, termination devices, end linkage and canvas
balloon container = all of which had to be taken to altitude — totalled 230 1b (10233N)
thus reducing the avallable payload by 30 1b (133N). A further major reduction had
occurrad earlier (see footnote * on page 14) as a result of the need to take the
hardware~laden 42+t (12, 8 m) main chute to altitude, Thias chute's weight was
measured at 130 1b (578N) aa oppoaed to the 35 1b (166N) originally allocated for
8 recovery chute, The UHF/S-Band ALBS TM/Control pack also weighed in sbove
the estimated value: 125 1b (886N) va 80 1b (358N) estimated, These changes led
to a tentative new weight apportionment for the January flight:

balloon and attac.ped hardware 230 1b 1023N
42-It main chute 130 1b 678N
TM /Control pack 126 b 886N
ballast 90 1b 400N

8758 1b 2688N

It {8 clear that, even with the ballast eliminated, that there was no capacity
left for a separate 200=1b (800N) dummy communicationa relay, On the other hand,
it was not certain that the mophisticated TM/Control pack“' .3 required for an
Research and Development [light would be needed oparationally, at least as a
geparate {tem, Thus, for this test, it was decided to '"oreate'" a 200-lb dummy
communications relay by adding 75 1b (334N) of ballast to the 126 lb (5686N) TM/
Control pack and to fly tho following configuration:

*Xneludu inflation tube, and 8-conductor cable,

**The UHF/S=Band TM/Control pack was prepared for controlling the midair infla-
tion, release and subsequent flight profile, including termination, of the ALLBS
balloon, It also telemetered to the ground atation the outputs of sensitive accel-
erometers mounted on the ALBS module, Tables 4a and 4b list the commands
and telemetry characteristics respectively, The electronic components were
housed on removable rack-mounted panels, That assembly, in turn, was mounted
inside a rugged aluminum framework coverad with ut{'rotoam insulation and de-
llﬁned to protect the pack againat expected ALLBS deployment shock loads and
subsequent cold-soak conditions at 70, 000 ft. Overall dimenaions were approxi-
mately 25 X 24 X 28 in, (64 X 61 X 71 cm), Four (4) shoulder eyebolts, 1/2 in,
dia. (1,27 cm) were added, cne to a corner, to facilitate removal of the pack I'rom
the box mbove the cryogenic unit at the completion of the ALBS midair balloon
inflation process, (Referring back to Figure 21, note that the TM/Control pack
is located at the bottom of the interface box beneath the apace previously occupied
by the packed balloon and packed 42!t chute, When the balloon is full and ready
for ascent to [loat altitude, the lines securing the TM/Control pack are cut and it
slides upward out of the box und (s taken to aititude at the base of the collapsed
42-It maln chute, At the same time, 3 ea. T ~-10 chutes are deployed [rom the
bottom of the interface box to affect recovery of the box and cryogenic unit, The
42-ft main chute would aerve as recovery chute for the simulated relay package
upon termination of the flight of the ALBS balloon. Thia consideration led to the
decision to cut the centerline, to insure reopening of the 42t chute,)

(Note: Continue lootnotes §, and f on page 58,)
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\*! Table 4a. ALBS Telemetry Commands (UHF)
fl Command Command
4 . 1ivevirver TMOn 13.......,. 104, 30V, Center
Z.ooveis. . TMOM Line Cut
. 4.y 2.0 Cal 150000000, 104, 30V, Drop
} 5.4vvuv v 06,0Cal Cryogenics
6iviev o Spare 16.v4vv144+ 2A Gnd, Closure
Tvveeess.. Spare ‘ Start Inflation
] B.vvuer... Spare 1T 0o 35!1’3:& Closure
; i Bievevri o Add Time 18,0404 s. .. Ballast
h: l 10. ...+, Beacon On 10,0\, Valve
b ;‘ oo Be“m} ort 200,04, ... Flight Termination
i 1200 0venn, 1%;?\‘“:%&' Drogue 21..444.44+. Flight Termination
1 Table 4b, Air Launched Balloon Telemetry (S-Band)
| PCM Word PCM Word
¥ 1oveervoo. Sig. Strongth 10,0044, Accolerometer No, 3
i 2..4v4¢14++ Temperature 17i¢0vv0v0 Accelerometer No, 4
’g 83ieivar e Summing Module 18......,.. Accelerometer No, 1 |
] 4 vivvn . 0-15 Pela 19, 440044 Accelerometer No, 2 _{
! Bevvessve 0-2Pain 20 v 0000 Accelarometer No, 3 .
k) 3 6..vvs4... Accelorometer No, 1| 21.,.,,,.,... Accelerometer No, 4
Teeeevse o Accelerometer No, 2| 22...,..,., Atcelerometer No, 1 ,
i B..0000 0 Accelerometer No. 3| 23...,,..,... Accelerometer No. 2 i
[ B.vuiess . Spare 24 ........¢ Accelsrometer No, 3 -
N 10, v¢e0sv+ Spare 26, v v v v v+« Accelerometer No, 4
:l 1lo v v en v Spare 28 04040004+ Accelerometer No, 1
| 12,4444, Accelerometer No, 4| 27.,..,..,.,.. Accelsrometer No, 2 !
t 13, ..44.4., 0=0,5 Psla 38.....444. Acvelerometer No, 3 ’
14.,........ Accelerometer No, 1| 28.,..,,..,. Accelerometer No, 4 !
! . 16...444... Accelerometer No, 2
ZIE !
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balloon and attached hardware 230 1b 1023N
42-ft main chute attached hardware 130 1b 678N
misc, hardware 51b 22N
simulated comm, relay 200 1b 800N

565 lb 2513N

The resultant gross lood was kept 10 1b (44, 8N) under the planned gross of
575 1b (2568N) to allow for possible minor lift deficlencies in the midair inflation
process,

5.3 The Need to Recaleulate
5,6.1 GENERAL

The increase in the weight of the ALBS module dlscussed in paragraph 5.3 cast
doubt on the continued validity of system deployment planning figures, which had
been calculated in the summer of* 1877 on the basis of a 15620-1b ALBS module
weight, Consequently, in November«December 1877, a new set of caleulations
was carried out by the author,

6, 08,2 MAIN CHUTE DEPLOYMENT SHOCK

The 7000-1b main ohute deployment force calculated in Appendix C, paragraph
3, 3.3 (and verified by strain gauge measurements at the NPTR), waa the Hrat
ltem checked, This force way recalculated, using the same method as before and
substituting a module weight value of 1768 lb, The resulting force value was
8184 lb. Although the g force on the cryogenic unit remained essentially the same

1'An interosting design problem arose here in conni-ction with the TM/Control pack's
UHF entenna adsembly, The antenna was a small stub arrangement located at the
end of a coaxial cable, It had to be kept in line of aight of the ground command
station at all times because certain commands (16, 20, 21) had to be capable of
being carried out without question from the moment of launch, This meant that
(he stub had to be located (ln the early part of the flight) below the cryogenic unit
which otherwise would interfere with the recoption of aignals from the ground,
(Once the cryogenic unit was dropped, the antenna location was not critical,) A
wooden chute was devised to solve the problem. It was attached to the cryogenic
unit an located under a hole in the large interfoce box (see Figure 21), The
gtyrofoam sncased antenna would be at the base of this wooden chule, and, when
the time came to extract the TM/Control pack [rom the interface box the antenna
assembly would be drawn upward out of the chute to follow the TM/Control pack,
This kind of sophistication was needed in the January [light to meet FAA and

runqe salety requirements, It is likely that an operational version of the ALLBS
would rely heavily on timers for initiating specific funotions, thus reducing sys-
tem welght and complexity,

1An ointed out in paragraph 6,32,3, 3, a di!ferent unit was used to control the flight
of the carrier bulloon and to Initiate the drop of the ALBS from the 28, 000 [t altl-
tude, That unit was the standard Range Pack II, with a back-up pack. It used HF
signals for command{Control and TM, The two packs were mounted on the load
bar of the carrier balloon (aee Figure 27),
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(6g), the shock on the doughnut was increased from 21, 1g to 24,2¢, This tigure 1

was communicated to the 8311th Teat Squadron where assurance was given that

the balloon containment bag fabricated for the January test had been reinforced
. and should be able to withatand the increased g load,

8.8.3 SEQUENCE OF EVENTS TABLE

. Using the programa discussed in Appendices C and E (The Contracting Spring \
Program (P-20), the Parachute Opening Program (P4U), the Balloon Extraction
Program P«13A, and the Balloon Inflation Program P=14B) racomputations were
acoomplished for the completion timua, forces, and altitudes of the many asteps in
the ALBS deployment sequence, In general, the changes were not major. The
velocities and dynamic preasures were a little higher because of the added system
welght of course, but no change appeared capable of affecting the planned deploy=

' ment significantly, :

! The revisad figures were incorporated in the Range Requirementa Document

| (see paragraph 5,2, 3) and are summarized in Table 8,

; Note: Table 8 ahows balloon inflation beginning at to t 28 sec, whereas para-

1 1 graph 8,2,3, 4 shows it beginning at t0 + 356 sec, With the later starting time,

, {nflation mequance altitudes on Table 5 (and on Table El in Appendix E) would be
reduced by approximately 330 t.

8,6 Pre-Launch Preparations

l g The week of 8 January 1878 was delected as the make-~ready period for the

| i launch scheduled on Tuesday, 17 January. The goal was to have the ausembled
;i s . payload, all vehicles, and all personnel at Truth or Consequences not later than

] ] Saturdey, January 14, This would allow two days (Sunday and Monday) for final
] : preparations, a period which would seem to eliminate the need for last minute
[ haste. It would also mllow work to be terminated by noon on Monday to permit

porlonnel'reut prior to rising at 0100-0200 on Tuesday. This goal was met and
all was in readiness for the Tuesday launch, * On Monday, the probable meteoro-
logical conditions for Tuesday were reviewed and found to be unfavorable for a

e g -

*The final asaembly of the ALBS module required a maximum elfort on the part of

the many people involved, The preparation of the 42=It main chute was a very

time-consuming item. In addition to the tasks of attaching the electrical cable

and the {nflation tubing avsembly to the suspension lines, thers was the new task

- of Incorporationg in the 42-0t chute pack Tenney releases for aevering the center-

"4 line and for effecting ormnomc unit release at the end of {nflation, This task had !

d been planned on paper, but accomplishing it physically proved to be an arduous '
chore, The packing of the balloon in the doughnut was more atraightforward, but 4

i N the details at the top and bottom of the ballooh, as seen in Figures 15 and 22,

; required much time and patience. Perhaps the moat difficult chore was the
i (Continued on page 63)

49




an e ey T Y T T T T e AT A I BT T AT S T e et e =

“agN}> UTRW 0} PAIIIPsURT)
S1 peoy adaIp JO WD

-33d gy ‘seuy] I suRMdsns

° 70 95 PUZ FISEII ZWUH (®)

wotReIIXg COORTY "

{"X 166S
Pue N L8] J0 g1 L¥EL
uyeul qglg

noq) 9s1s  ZIse §S) ispeor]) “AROO[aA umnJt L
oy~ ST LV L Lz i 0°02 o -qupnba & S3IP g (2) 3
“ay Jaad) eadoap) 2L 1SLee S) (2 Z - ugs)
woogpeq Jowoys | ez°s1- 05 IS~ Z0EL  LS6ET (D) 0°st ot -pauado 1 Ipmgd wreRX (9)
—JNITXD JOY 23
Aspop 298-01 PUZ Roq) s8L w6tz &S ("3 g ¥z 2 9 = YOUS)
aperpue) spreios] | @8 1T- 60 °9E- oSEL  FITSZ () 0zt 0z "pIK0IGIP =1 D MIEK (T)

Fowmiodag ) WeN ¢

~(xoadde;
{F0q) ZEEL  ¥EOIT {S) £;o0o13a umtaqipnbad
. -Te- 901~ THEL  ¥SZHZ (@) o801 Tz sagaEas ayp Indoig (3)
onog) I6EL  ©0SZ¥Z 1S) {3 g -1 yooqs FuruadO)
19°6e-  #lecl- ZSHL  OSFIZ (A 2L 4 -sagepwm s acdoad (e} o
oy sadosg g © -
o) 1Z5L  $19%Z (S} “me) £2wodaq “yoed jo m
L& o S¥i- ZeSL WLENZ (@ [ o1 o paymd =1 2G> Boaq () ooz
age> aadoxp
Jo am] duys syd ey 3
Ve €11- 6) | ecsr 00892 (S) sawnaeq ‘w0 sied 2y
eun | ozsr 0005Z () 0¥ o°¥ TOISIRIND (T 35 "09% Y-002 (U
“{N698L)
q1 391 = ;3¥1aa anpow
o “nnvuﬂ.oholoﬂ SHTV ‘poxoad ;g urew
03 asay wadis payoed aaf oap “[[2] 323]
Lepop d98-91 3 HeyE syusuodwod SHTY
2wrnuy spreluey L] o oL 00052 (1] 0 -uaard s1 pUeLII0D ISEIRY (T)
pwsunno’} JH [ =11 sad} (o ) asegd mef 39 g [ ,.
TRy Apoop Ipany (398) (>3%5) worxhaoseq W
oo sy WOLRdTIo)) AT sung sunl poe J3quny Fad

Japemun|  ERag

(WP A doiq Fe pIen VOOYYY ILIE)) juswkordaqg MY-PIN SH'IV "SilAg Jo Jouanbag g Iqel




3
i
;
3

~suloxp uoRY § 99¢ Afpewirou {1yes Duga wip (W §°ZT) [-Zy) Ldouss urew jo do) WO PAUNOW SWIN0dTICD 0) SIAFAY {S)
-(os 3uLx wp (W £C "g) Y-£2) IWMY> Indoip o) SIIPY Q)

“asaars
oyegm ‘pud doj ISEIRY (U
: xade aymp
peswmo)) 480 9LEIZ 000OL {S) wpur 9g1~ moyy nooreq yEIedas (v}
ooyemwIa ] WA L
mm sIpauRy
9SEIZ 00OOL (S) W g9 o= Te0L O} SISy Uoofred g
e n g
puswnno) SHO see 1 Jurraed XA J-T% )
pusmrwo) JHA 33 5 “Seaz s[re} TWOM L3 {3)
*non 6JAD W} PpISEI] 3
pwemwo) JHN 133 -33 ST 242915 DRMIEGY] (F)
~pum 01K> 2
paam 0y Kepp - 2
-1 s = 3
-u3 soum3 SEN | ¥1°6- ot- SI8f  9T0Z1 (S) BEE “SPuUS BOTIEPU UOCEEH {3) 3
E
purmumo) Jun | o811~ 6c- $I6S 00941 (S) 081 - “feae ;o 51 aymp ndoug @) E
puewrmo) 300 | £E°81- 0 1204 OOZEZ (S) o8z - -smi#ag wooffeq Jo voEy] {T) m
o FERT] Boorey "G \M
1oz oozez €S) ~{ia0tea wmaqmba E
EE°¥I- o £9IL  0OSEZ (M 14 81 Raq e saImIe WASLS () B
2o urew jo doy W
2012 O0EEZ (S) VO IIATPIN0D JO O BOOY E
[~ 3¢ 2 & F3 €8IL 009z () « 279z z°s -Yeq SET1Y syynd andoadg (@) 3
sdm sda) (= w (“m03) moerry voorRey “y! E
maewoyg fypporap apmply (>m) ) vogdiosaq
wopapdemo)) ang | wonaydemon juaag asuny Jumy PUR Ioquing Wasg
JATFE[RUIN) | JWIAT
(390]) (PMPA doiq s¥ pasp voory a911re)) Juswkopdag NIY-PIW SHTV ‘SiUdajy Jo uanbag -G Iqe]




launch, A new launch date of Wednesday, January 18 was established, That date
was subsequently changed to Thursday, January 18, because of another unfavorable
weather forecast, On Wednesday, the [orecast for the following day was favorable,
and the Truth or Consequences personnel were told to initiate launch preparations
early Thursday morning.

8.7 Launch of the Carrier Balloon

The launch crew was at the T or C launch aite by 0145 on the morning of
19 January 1078 (loh'eduled launch time wan 0700), An hour later, the ALBS
module and all of the other [light components were hung on the load bar and the
latter was suspended from the crane to be used in the launch, (Allowing for 8 ft
(1. 32 m) of clearance under the payload, the diatance from the ground to the
attachment point on the crane was approximately 30 ft (8, 14 m).) (See Figure 27.)
Normal equipment cheoks and command checks were then carried out successfully,
The dewars of the cryogenic unit were !illed (Figure 28), Gas computations were
made and checked for a gross load of 3092 1b (13, 753N) (see Table 2), Inflation
of the balloon was delayed somewhat, however, commencing at 0643, At 0704 word
wan received at the Detachment 1 Control Center at Holloman AFB (the assigned
misaion location of the author, as project officer) that the inflation had been inter=
rupted for a short period to repair a tear in the inflation tube, Inflatlon was com~
pleted at 0730, amidat comments from the launch crew that the balloon appeared to
have an abnormal shupe (Flgure 28), (Later analysis indicated that the unsymmet«
rical shape noted was normal for the 1287 balloon.) Launch occurred at 0734. *

At Mrat, the bulloon started to rise normally, Then it settled down (Ilgure 30)
and the payload bumped along the ground, 'Pour Ballast'" commands were given
by the launch officer, After 46 sec of ballansting, at a rate of 34 1b (151N) per

assembly (for the [irat time) of the packed balloon and main chute to the cryogenic
unit superstructure along with the TM/Control Pack and the 3 T=10 recovery
chutes. This turned out to be a measure-and-cut operation, partioularly with re«
spect to the installation of the many required restraining lines and deployment
lines, Figures 23-28 {llustrate mome of the aussembly operations, 'Che cryogenic
unit itaelf had come from Boulder preassembled and required only the addition of
& few minor compohents. The major task with respact to the cryogenic unit was
the [llling of the dewars and the huungrot the packed bed of aluminum oxide,
These taske were accomplished at the T or C site, (See Appendix D.)

*Cloud cover conditions had begun to deteriorate during the balloon inflation opera-
tion, As Mrst light approached, (t was reported that a high altitude overcast wau
present over T or C, Conditions at the Balloon Control Center were alao worri-
some, There were two layers of broken clouds which threatened to reduce or
eliminate effective camara coverage of tha relasse, However, as the sun rose
higher In the sky, the cloucs at Holloman began to dissipate, At 0730 the coverage
was 3-8 tenths of broken altocumulus clouds. The decision was made to launch
anyway, even though photo coverage might be degraded. (The forecast for the
next day, which proved to be accurate, was for stormy condittons, )
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Bag (Doughnut) to Packed 42-1t Main Chute Assembly
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Figure 28, Venting of Filled Cryogenic Unit

Figure 29,

128-200=-TT Carrier Balloon at Inflation
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Figure 27, ALBS Module Suspended From Carrier Balloon Load Bar., Other load
bar conmpaonents are: left to right, ballast hopper, C-band transponder, 28-ft
drogue chute, range pack 11, back-up pack and ballast hopper
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Figure 30, ALBS Module and Looad Bar Components Settling to Ground

minute, the balloon was still only 3 to 6 It (0,8 to 1,2 m) off the ground, (Some of
the glass beads being used as ballast were actually falling into the top of the ALBS
module and, thus, not reducing the gross load,) The balloon and payload were now
drifting eastward, (There was no communication back to the Balloon Control
Center during this crisid,) The launch officer, suspecting that hie had a leaking
balloon, and fearing that the payload would be carried down into a deep gulley at
the edge of the T or C alrport, or might even be carried over to Interstate Highway
25 to the eadt, commanded thal the flight be terminated via the HF command chan-
nel, This cansed a double nction to ocecur:

(1) The residual ballast (approximately 175 1b (778N)) was dumped all at once,
restoring positive buoyaney to the carrier balloon which began to rise quickly,

(2) Twenty sec later, the carrier balloon and the unopened {n-line 100 It dia
(30,5 m) safety parachute were separated at the upex of the parachute,

The ALBS module was approximately 70 ft (21,3 m) off the ground when sepuara-
tion occurred, There was Insufficient time or space for the 100-ft chute to be
effective und the ALBS module essentially fell freely to the ground. The compres-
sive loading of 17 to 20g was too much for the vertical support members of the
cryogenic unit, and they buckled under the weights of the loaded superstructure
(approximately 850 1b (3788N)) and the load bar (apLroximately 375 lb (1808N)),
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Figure 31 shows the damage to the cryogenic unit, The dewars were crushed so
badly that they had to be scrapped, *

Figure 31. Crushed ALBS Cryogenic Unit

*Prlor to the launch, the matter of cryogenic safety had been discussed at great
length. Although the unit was equipped with a pressure relief valve {70 psl), a
remote poaslbl{ilty existed that the valve could be made inoperative in a craah if
the unit landed in a certain way. In that condltion, the dewar tanks (if they had
remained intact) would explode when the temperature ratsed the internal presaure
above the dealgn pressure (250 psil), To eliminate this possible hazard, the de-
cislon ways made that the cryogenic unit would be nctivated not only in the event of
a successful deployment of the system at altitude, but also in all cases of fallura,
The idea was to have the cryogenic unit land fully discharged. In the incident just
described, the "Start Cryogenic Unit' command was not given, It would not have
been effective even il it had been given, however, because full discharge requires
6 min and, in this case, the unit was on the ground about 23 sec after the termina-
tion command was glven, The crash ruptured the dewar connections and the
helium vented off through the broken lines for about 50 min after impact, All
personnel stayoed clear until venting had stopped.
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The load bar was badly bent, but the componants hung from it were salvage-
able (Figure 32), The cryogenic unit superstructure was moderately damaged but _,'
repairable, The components mounted inside the superatructure (42=It main chute, \

» balloon, TM pack, T-10 recovery chutea) aurvived aurprisingly well and in many
cases suffered no apparent damage,

It was later determined that the balloon was not leaking at the time of launch, 3
It had simply bean underinflated. The probable cause of the failure was human
error - fallure to open the preacribed number of tubes on the helium trailer, a
failure which, unfortunately, went undetected, A lilt check at the launch arm In=
dicated underinflation, but this ilgn was not acted on effectively because of known |
calibration problems with the scale in queation, ‘.
; It {a {ronic that the ALBS module was destroyed in this way, Had this type of
5 £ launch failure (very rare) been anticipated, a simple contingency plan would have
' [ been rehearsed and made ready for use: Exercise the HF " Experiment Drop"
command while the ALBS module {8 on or just above ground level, (This would
have left the module on the ground, while the balloon and load bar rose,) Alter-
natively, if the launch olficer had known that he had an underinflated balloon,
rather than a ""leaker'' as he supposed, he could have continued to ballagt at the
regular rate or even have dumped all the ballast by the ''Blow Ballast" command,
This would have allowed the flight to be conducted pretty much as planned (without
the controls normally afforded by ballasting), or at least to have been terminated
in such a way that the unit would come down on the 100-ft chute with empty dewars,

_‘l
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5.8 Impaot of the Launch Failure

et i

L ] The unexpected and catastrophic loss of the one-of~a-kind cryogenic unit had

' ! a severe impact on the ALBS program. It closed out the current flight test series

. : abruptly, leaving many questions unanswered, All milestones, subsequent to the

§ January flight teat date, had to be cancelled, pending the making up of a new plan

of action,

i As of the date of this report, plans have been made to develop a 'hardened"’

i i follow~on ALBS module suitable for an alrcraft drop, The details of the reviced

: E syatem conflguration will be the subject of another report, :
‘ ]
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6. SUMMARY AND CONCLUSIONS

This report has described the preparations for and the results of the success-
ful ALBS parachute subsyatem qualification tests at the National Parachute Teat
Range in 1977, It has given the details of the compllcated configuration selected
for the live drop teat of the complete ALRS prototype over the White Sands Missile
Range In January 1978, The events leading up to the WSMR test are related, and
the unfortunate launch incident which led to destruction of the ALBS prototype is
recounted, Computations and analyses in connection with various agpecta o! the
flight teat program are given in the Appendices to this report,

It i3 the authoirs conelusion that much useful knowledge relevant to the stated
goal of the ALBS program haa been acquired ln the testing accomplished to date,
Nat all of the queations were answered (coning problem, midalr inflation, system
effectiveness, etc.) but on the vther hand, there were no indications that the
original goals cannot be met with continued development and teating,
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Appendix A

Load Extraction Foros Computations

1, INTRODUCTION

The method for determining the deceleration or drag forces generated during
the extraction of the ALBS test vehicle [rom the C-130 delivery aircraft iy that
employad by the 8811th Test Squadron, AFFTC for incompreasible flow, It iy
described in AFFTC-TIM-T5~8, ! The author of that technical memorandum,

Mr. Herbert Seaman, was moast helpful in explaining his method and his asgsistance
is gratefully acknowledyed,

This mathod does not tuke line stretch forces into account, They are consider-
ably leds than the extraction chute opening forces, and can usually be ignored. In
the case of tne ALES test vehivle extraction, howeveir, ‘he line stretch "impulae"
{s believed to have led to the fallure of teat number 14 (see paragraph 4.18, main
text), Thus, any future uerial extractions of the ALBS module will have to be
planned with carelul conaideration given to the effect of this impulse on lrst stage
componeant survivabllity,

The reader {s uuked to refer to paragraph 4,18, muin text, where the normal
load extraction sequencs iu described. The discussion which follows assumes that
the ALBS 200-ft drogue extension line is fully extended and taut and that the
unopened 28~ft ring-sail drogue chute hau just been extracted, lines first, from its

B ]

i, Segman, H. (1878) Deceleration System Trajectory Equations, AP TC-TIM-
6-8,
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deployment bag. This ia the atarting point, t o of the buildup of deceleration
forces, which reach a peak whortly before the extraction chute is flly open,
(Figure 18, main text, shows the fully open extraction chute and the load just after
being pulled off the ramp of the C-130,)

Before any calculations are made the basic equations involved will be pre«
sented and the rationale behind the program developed to assist in the calculations
will be explained,

Note: The Seaman memoranduml covera compressibllity effects and drag
coelficlent variations with speed, These effects are very pronounced as the speed
approaches Mach 1. At the ALBS extraotion speeds (0,32 M), however, these
effectas will be ignored in the calculations,

2, BASIC EQUATIONS

Note: The material in this section was obtalned from AFFTC-TIM=75-5, !

2.1 Deflnition of Ternw

T Temperature, Absolute, Degrees Rankine (°R)

Temperature, Absolute, at H : 0 (Standard = 518, 588 °R)

3 Pressure, 1b n2
P, Presgure at H = 0 (Standard - 2116, 216 b it"%)
p Density, Atmospheric, 1b sec? -4
by Density at H = 0 (Standard = 0, 0023769 1b sec® ft™%)
P Gravitationel Constant - 32, 17405 ft sec ™4
R Gas Constant for Dry Alr 1716, 5 12 yec™2 Og"~!
a Temperature Lapse Rate (Standard - 0, 00356016 R 1™}
h Dimenaionless Exponent (Standard - 8, 2841)
Cp Dimenslonless Drag Coefficient
8 Area ft2
w Weight 1b
q Dynamic Pressure Ib ft"?
Drag 1b

Velocity It sec™!
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V,  Speed, Horizontal it sec™!

Vy Speed, Vertical It sec”} (up is positive)
. t Time sec

H Altitude ft
. LW

m Maas 7

CDS Drag Area tta

2.2 Derivation of Equations
2.2,1 BASIC EQUATION

Newton's second law of motion statea that the acceleration of a body is propor-
tional to the force exerted on the body, and inversely proportional to the mass of
the bady (a = F/m), The drag force (D) on an aerodynamic deceleration system is
the product of dynamic pressure (q) and the drag area (CDS) where

The drag force is opposite {n direction to the velocity and can be conveniently
asparateqd Into orthogonal coordinates. The acceleration in the horizontal plane s
av,/At, and in the vertical plane {s (AV_/at + g), Using Newton's second law and
Eq., (Al), and referencing the fo'llowing Xlngrnm, the drag force can be expressed
as!

y Vy VELOCUITY VECTORS

Vx

av_/at (av,/at + g)

. D=qCDSu-m—c;z§-—B-— -m—f.ym]—- ) (A2)

For the purposes of this memorandum, g (acceleration due to gravity at a point) is
. considered equivalent to O (gravitational congtant). Mass can be expressed in
terms of weight and the acceleration due to gravity:

ot bt t2r e Ltk g dost Ak a2 bl ki e )
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! : From the previous diagrami .
‘ v
i cos f3 = TIK (A4d) ;
1 i - B
| V.
X, P . AB B
i sin B | -J- (AB) !
3 Substituting (A3), (A4), and (AB) in (A2) and rearranging terms results in the basic i
trajectory equations: "
|
aCpSe -'I :
av, = - gy Vy At (A0) :
!
T3 At b (AT) {
AVy W Yy at - g at o, |
L
! A step-~by-atep determination of distances and speeds can be calculated for sequen- i
' tial positions separated by time: B
! AV ]
P x
AV
k: Y, = Yp+tat [V, +—X] =H (AD)
; 1 0 Yo 2
' Vi, * Vi * AV (A1) |
1 " 3 )
‘__f Vyl Vyo + Avy . (A1l) .’
i -
. | Note that the term gq/V appears in (A8) and (A7), The following are standard . b
‘ l relationahipa: '
) h !
! a=gp V2 . (A12) - X

T8

e -
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T, - ag\""}
T (-—970—) rel 2 (A13)

P,na
Po " "gi-“g 0 ref 2 (A14)

Subatituting (A12), (A13), and (A14) into the common term gq/V results in;
Pyha n=1
& - —°-—n (Tg - sl v, (A18)
T,

Set

Pgna “13
K= ;-&‘--ﬁ- (standard day K = 1,08886 X 10™"%)
0

Then

£ - xery - sy (A18)

Substituting (A16) in (A6) and (A7) results in:

Cps

av, - -~ KTy - am™ v, a4t (Ata)
p$ n-1

AV, + - g K(To = al™ vy, at-gat (ATa)

It ls seen that lor the general case, the terms CDS, W, K, 'I‘o. a, h, At, and g are
constants, The variables are H, Vx, and V. Theae forms of the equations, with
(A8), (A9), (A10), and (Al1l), lend themaelves very well (or use in programmable
cmloulators, However, it should be noted that the use of (A13) limits these equa~
tions to altitudes below the stratosphere (H < 36080 It), Alwo, the use of (A12)
limits their use to incompressible flow,

2. Standurd Atmosrhere — Tables and Data for Altitudea to 83, 800 ft (1058)
National Advisory Committee for Aeronautics, Report No, 1238,

1%
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3. PROGRAM DEVELOPMENT

To develop a workable deceleration trajectory program for desk top or hand~
held calculators one must resort to {terative techniques, Seaman's Eqs. (A8)
through (A11) are {deally suited to this method of calculation, in that they generate .
succesalve new values of the variable parameters from a knowledge of the previous
valuea and of the incremental changes in those values over a specified short time
interval, At. The changes, of course, are derived from Eqs. (A6a) and (A7a).

Thus, If one knows the initisl values of the three apecified variables, V, ,
Vyo, and Ho' ona can readily caleculate (via appropriate pragramming) the vnfuu
Va V' Vy,, and H, for the moment whent « t + At, The new values are then used
in Eqs. 2A 6a) and (A7a) to davelop the changes in horizontal and vertical velocity
over a 2nd {dentical time interval. From these changes the program generates
still another set of Vx, V,, and H values (V, , Vya, HR)' This provess lu repeated
; until the paruchute {s fully open and peak ex?rnction lorces have hoen developed,

Thus lar we have discussed only the three variables Vx' V., and H. Actually
) thers are several more variables involved: q, V, p, S, x, and of ocourse, D, the
deceleration force which we are trying to determine,

E l Referring back tu Eq. (Al) we see that D = qCDS, that {4, the deceleration
y foroe (drag) ia the product of the dynamic pressure, q, and the effective drag ares,
| CDS. CD {s resumed constant here but S, the parachute area, is a function of the
i degree to which the chute has opened, The area, 9, {s assumed to increase
linearly Irom a value of 0, whent = to. to a maximum value, 8 ,* when t = t;r
(t; » parachute opening time). It must be understood, therefore, that the value of
the term S In Eqa, (AGa) and (ATa) i the instantaneous value, S, as determined
ﬁl by multiplying the term 8, by the ratio of the elapoed time to the parachute opening
time, thatls, S, =8 . t/t,
; The opening time, tr, of the extraction chute {n generally «nown from previous
!‘ experience, (For the 28It ring wlot chuts, t; la assumed to be about 0,7 sec),
The elapuaed time, t, is caloulated by sumiming the time intervals since time zero.
‘i j For example, If At = 0,00 wec, at the end of the 4th interval the elapsed time

VRPN S

would be 4 X 0, 05 or 0, 2 sec, and the parachute would be 2/Tths open. \
The other varfable in Eq. (A1) is q, dynamic pressure, which, inturn, {s a !
funotion of atmosptieric density, p, and the aquaroe of the total velocity vector, V
(vee Eq. (A12)), Bothp and V are variables, Chungeus inp are accounted los by
assuming a standard atmos phere" and substituting newly gererated values of H in

*Tho maximum parachute area iy known aa the reference area, 8 , Thio area {a

Iound from the equation SO f ﬂD°/4, where D _ is the nominal disfeter of the
parachute, ©

**AFFTC-TIM=75-8 containa a method for relating actual or "test day' atmospheric :
conditions to the standard atmosphere, if wo required,
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Eq, (A6a) and (A7a) before each use, Changes in V are sccounted for by finding
the new values of V and V_ as explained above and using them to get a new value
of V through the relationsh p1 V= JV’ + V2, The new values of V so derived
are used each time Eqs, (A6a) and (A7a) are solved,

Although "q" does not appear in Eqa, (A6a) and (ATa), it is customary to in-
clude dynamic pressure in the printout of the trajectory calculations so that the

. solution of Eq., (A1) is carried out by the program for each iteration, X, the hori-

zontal distance traveled by tne syatem, is solved by Hq. (A8) and the cumulative
values of X are also printed out,

Figure Al is a flow diagram of the program developed by the author to perform
the trajectory computations on the calculators available to him,

4. FORCE CALCULATIONS !

L: The alrcralt velocity at time of release ls established by the fight plan, Thia 1
‘ s taken s V, the total velocity, and, at release, Vy =V, Vy 0 at this point, \i
!

N Altitude, I»l is also known from the teat plan, 'I‘huu? {f we ansume that the aire )
I 3

oraft is at 26 000 ft, e, a,8, = 130 ki, we have established Vx at 130/0, 4480 x
1,089 or 327, 8 t/sec (90,82 m/sec), where p/p or o for 38, 000 ft = 0, 4480,

With Vx , Vy , and H known, and with b nnd At established at 0,7 sec and
0,08 sec respcettvely, we m\n now use our program to caloulate the deneleration
forces lnvolved for a 28-It ring slot extraction chute, (CD = 0, 88,) The total sys-~
tem weight will be taken at 1320 1b, The results are printed below {n Table A1,
Note that the maximum force, 8813, 74 1b, onours when t = 0, 8 sec, :

Table A2 showa the lorces generated hy the 32-ft ring slot paranhute with the
same opening time and airapeed. The system weight and height have been changed

e BT T e TR B i R

3 to 1510 1b and 10, 000 ft, respectively. It can be seen that the caloulated decelera- !
; tion torce for the 32-ft chute is slightly higher than that for the 28-[t chute, deapite g
X the difference in altitude, Normally, the deceleration force dacreases with a de~ )
)\f crease in altitude, For example, the maximum force for the 28-ft chute at \
\ 10, 000 It all other conditions unchanged, i{s about 8700 1b, ‘

e e Tap mlat bies e amiw =i WS
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. Table Al. Trajectory Calculations, 28-ft Ring Slot Drogue Chute ]
T
x : 4
oy 1 y P
L . tis) |t/ X vy(rz/.c) v itt/s) | vi/u H{m c,,s,(rt’) q(pal) | FUbh Remarka - ’I
| ‘ N 0 0 327,42 | 327,82 | 23,000 0 87, 40 o :
3 : Lon | .om4| to.asa| - t.000 | 337,82 | 327,82 | as, 000 24,10 ] 97,30 | 148607 | D 28 1t
10 L1430 32,890 | - 3,203 | 124.30 326, 368 24000, 06 48,18 88.70 | 3747.48 . Y
; ! A | Laidd | duene | - 4700 323,45 | 323,40 | 24008, 64 72,67 | 88,70 | 4048,80 | Cfy (BB k
i .20 . 4857 4,484 | - 0,206] 310,17 119,20 24000, id 04, 70 54,93 256, 77 B
! L35 0 L4311 80,00 | - 7. tu0) Mia.61 | 313,67 [ 24008,30 | 120,08 | 062,40 | (345,32 )
. ' 10 L4280 ) 04, 140 - D183 J0€.00 301, 00 14000, 01 146, 14 80,20 [ 7480, 07 | W 1030 b o
. .35 | 800 | 100, 800 [ -10.528) 208,10 | 200,33 24008, 88 | 180,33 [ 47,78 | 80RO, 04 ‘;
- .40 A4 124, 10T ) 11, 803 [ 200, 04 200, 83 24004, 10 103, 52 45,10 | 8724. 48 &
4D L U429 ] 138,025 | -13.004 | 281,42 P 24007, nd 217,11 42,30 | #210,30 te 0.7x 3
: VB0 | L T143 | E61, 387 | 14,130 271,88 | 272,00 | 14006.02 | 241,80 [ 40,48 | 0643, 04 )
H ' il CTHAT | 164,088 | <15 183 261,01 au1, 00 14004, 24 2L, 0p 30,00 | 0130, 10 _'
' SHO | BSTL| 176,488 | 100007 20033 | UBLTD [ 24005,01 | 20U 83 0 34,81 | 9813.74 | V EAS 190kt '
] SO200 | TRE, AT0 ) -17, 083 | 240,07 241. 61 24004, 72 314,47 31,11} 061, 4 .
- ' 01,0 100, 657 | 17,037 235,00 | 291,98 | 24003,80 | 38,60 ) 28080 | Boul, 1
L.
[ Table A2. Trajectory Calculations, 32-{t Ring Slot Drogue Chute
" I e T i e eeeget i = s e e e B 2
= tis) ti, N () IV.\_(H/H ] Vx(rl/»)T VALYE I 0] Cps Sy atpan Db Remarks )
i - .00 0 0 o | 25540 ' u4nh, 40 | 10,620 0 57,90 0 E
_ L05 | L0714 12,724 1 - 1, 1087 l 255,46 1 285, 44| 10,000 H1.00 | 87,30 | (810,38 (D 32N B
p <10 | V4ZHE 25,000 ] . 5o18Y 253,54 |l 291, ; g, i L Bi,44 ] 334K, 40 ‘s
NE) TR EEFRTHE I N A I A L L i 248 74| 0ep, B4 ! 14, 10 34,17 | a4 Cyy - 58
I L20 | LNt amonEe oo, 204 244,21 ) 244, 2<:| Beng, 64 - 1206, 38 Sd.38 R, 43 s
LI EIRREY 11 ALl Logosen ooy FoaaT 23 pesu. 3T | 15T 0K | 46,42 | THOT, 44 -
3 TR | TR e mmee 22w Doz on] eens 02 | IETET 4004 | 720084 | W 1510 1 {
R Rt HAJHO -0, 100 0 219, 5T 210, 75| aond, 61 0 221,17 42,40 WAty 6 L
h: l 40 L 371 w00 Ly, 2 | 200, 50 | 200, ma| pung, 14 PRYIR I AW, 87 [ P77, 23 .:
! Yo SRR 0, R 12, 2 LI Lo, 30 et G0 | 28416 F4.90 | n040.41 |t, 0.7 p
o ARSI UN TP E K B PR RY R S (O T'T PR I DT LT O F 0 S NG ML I RO T I A ) k.
| cov ot Do Darewe porrnoaz | steoeo] veonan | 841,55 1 2000 | 078,18 |V EAS 130 Wt 1
3 Poo v e e | v | ovese g seeaco Doaraos [ o2eee | nave. oo I
] f' NPET ; PAG RO | -1 470 1 1T TT | g A | smudoni |o410,24 | 22,00 | poat, 2
: { L6 | 1.0 LH(.HN l LRI R R} [E T 148, oy nong 2% 442,44 14, 49 821, Ba
| )
;. J
T ]
¢ : .
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_f ( snr )
\

uc ‘ot
T Enter .05 (AL) in Kep. 02

©

(& 2. Enter 518 638 (T_) in Reg. 16 —

3 Registers (Initial conditions
‘o . 3. [Bnter 0035616 (a) in Reg. 17 00, 01° 06 1 te ‘o)

(.

5 8 4, Fnter 32.174 (g) in Reg. 21

: } 5. gnter 1 065567 33(k) In Reg. 20 SUBR 1001 .

. ) "mal 1. SUM Reg 08 to Reg. 05, multiply by Reg. 10

. Enter 0011885 (-—T-) in Reg. 18
(€05, » S8, ¥ ég)
STORE in Reg., 07
. N < . .
B Eator 20 (D)) in Reg. 00 Sun Ko, 'f4 to Res. 08 (4 - o)

3. SUBR 1000 (Compute a)

7. linter 4,256} (n-1) in Rog. 19

o Lnter (5§ (t:n) in Reg, 07 —
it o Usi f

1, Xtfer KReg. 02 to Reg. 08, divide 4, Using contents of Reg 15'2“‘5 snd 01

by Reg., 0l (m/t'.). computet (q = ,0011885 o V

STORE in Reg. 00

T RCL Reg 00 (o). Compute:
(5, + 5 0,5 $. MULTIPLY by Reg., 07
("n " CDSI>

12 Maltiply by Rey. 07 ((:u). STORE in R o4
n Reg.

Store (:US“ bu Reg. 10,

b3, SUBK LU0 (Compute o), 1 6 l{;f"glf"“'agf’e::ps:g'((_';)' 03, 20, 22,
14 Gomprte TS mutt Iply by TR o a1
Rey 4 and by 1, 63d (- * k(To ) * v'r“
, . STORE iR Reg 18
T ‘»'-'-‘Vi’_-,LE_‘J X 1.a0n) 7. Multiply (-B) by Reg. 32

~8V, % (-B)V,
STORI in Reg. 11

STORL In Rew, 01 4 12

18, Uning contents of Rog. 18, 18 and

il compute! 4. Using contents of Reg. 15, 24, 21, 02,
[y 2 c0011ANS o v compute!
STORE [0 Reg. 00 [-Avy . ((-n) CARE .Mi
16, Lnter 0 in Rog 08, 09, 11, 13 STORE in Reg. 23
and 23 9. Using contonta of Reg., 11, 12, 02, 09,
‘ R “L\ compute!

B Avl
3 X, ok o Aty + -..-))
J SUBRL 100D 1 (o x5 2

3 I, Using contents of Reg 17, 06 and [ STORE 1n’Reg. 09
a3 ts compute (T, -all) 10. Using contents of Reg. 23, 24, 02,
-k Store In Reg. 22, 15 compute! av

F . R (:-.,lil o oH
3 2. Using contents of Reg. 15, 16, by = &t yo)
. ) ¢ ]

A 18 compute STORE In Reg. 13 (88K NOTH 1)

1 T~ all

| e ( T -) 11, Using contents of Reg. 23 { 24 compute!
N u

L. <V, e gV )s(-AV)

3 Store in Reg. |5 Ln) L4 ( Yo) Y)

k. . STORE in Reg. 24 and 14

3 RETURN L




R P S PO P ORI RO PV BT S et

b [
: Registers (uutpun for
Biditione 0, 01, Md, 08, O t = .08, .10, .15, stu)
., 00l
8IBR 100} (CONT).
[ Sum Reg. 11 to Reg. 12
¥ 10 ) BBQISTERS
R % Register No. 7] our,
13, Using contents of Reg. 14 A 12 computs 00 il b, (It) q
g LT vh! 0l ’ EAB(kt) Vor Vyo cne s (f8)
ST0RE in Reg. 01 02 .08 8t (1) nfe
g /e 14, SUBR l0O1 0 . W (I nfe
\E 04 . ty (1) FDI' FDz. v (b
,' 05 0 Yeg
-9
;.‘; 06 . Hy (%) Hys Hyo ooy (£2)
M 07 .85 Cp cys, (1)
. at
. 08 ] e /!‘
§ 09 0 X Ngr e (18)
' 2
. 10 - Cp8, (119
. n 0 v, (tps)
. {', '
.o 2 v v v v s (fps)
: ! %y TR
¥ 13 0 (v8H) (ft)
A 14 - WORKING
3 18 - WORK ING
. 16 578,688 T, /e
4 .
i 8 1 0035616 s ( R, 0) oo
y p
. 18 0011885 _%!_1_ (stuger 63y nve
) 19 4,2861 n-l nl/e
N 2 1.0usss x 10713 nfe
| 2 3.7 ¥ (ft/.z) ns
B NOTE 11 This equation wrs used instesd of Seuman's equation 0
\ (9) to generata new values of H. i .- (TyeaH)  ( K)
: (H1 . uo - All; H2 . “l - Mlzx ete.) 2 5 ('M’y) (tpe)
R NOTE 2: This program is normally run until t/tf s 1.0, 24 0 (yy ) (.vh) (fps)
p. mere Cy8,» CyS . If program is run beyond this a
int, #.8., to point where system i vertical, svariable manusl input (a1l other inputs ure entered by program)
b ':gop 1 of SUBR 1001 is omitted and Py Is ubtalned var put € 0 y %
by multiplying g hy CpSq:
o
. & Figure Al, Trajactory Program Flow Diagram
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Appendix B

Determination of the Minimum Drag Forcs Needed to Allow the
Drogus Chute to Extract the Packed Balloon from its Container
st the Apex of the Main Parachute

1. CONDITION®

The descerding drogue and main chutes are both open and connected to each
other by the 200-ft drogue extenslon line, The packed balloon rides at the apex of
the main chute, The payload and simulated cryogenic unit are ot the base of that
chute, Extr--tion commences when the drogue s detached from the main chute
and pulls on the balloon instend,

2. RATIONALE (SUMMARIZED FROM Al"(iI,-'I‘R-'ﬂi-(ll9(t)|l

(n) The total welight which the droguc must support at the end of the balloon
sxtruction step (stage 3) s the sum of the welights of the drogue chute (taself, the
200-{t extension line, the mlscellaneous hardware attached to that line, the fully-
extended balloon and ity end fittings (items 1 through 4 on Figure C8, in Appe.dix C),
{""he remnining welght of the suapended system {4 borne by the main chute, )

(b) The minimum drag reguired of the drogue chute {4 equal to the total weight
supported by it at the ond of the extractlon, plus a reasonable safety margin, for

——n i 2 e st

J":iee paragraphs 3,2,3 and 3. 2, h main tex
1. Carten A, 8. Jr. (1876) The ¥light Teat Aspects of the Air-l.aunched Balloon
- - [iN

Syatem Development Prograny, AFGIL.-
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example, 60 1bf (267N). 1t the drogue cannot generate this minimum value of drag,
{t should not be used,

(¢) Althougli the drag produced by the drogue chute is sharply degraded at the
start of the balloon extraction (see Appendix C), it increaases steadily as the balloon
iz pulled out of its container, The drag is at a maximum when the balloon is lully
out and taut, At this point, the two parachutes (drogue and main, separated hy the
200-R drogue ¢:tenaion line and the 102-It long balloon) are assumed to be acting
as a singlr system, The actual drag of the drogue can then be computed on the
following basis:

The maximum drag produced by the drogue equals the system drag at equi-
librium velocity (aee paragraph (e) and (I) below) timea the ratio of the drogue drag
area to the total system drag area, that s, to the aum of the drag ureas of the
main chute and the drogue chute.

{d) The resulting value of drag is the one selected to compare againut the
minimum drag requirement specified in paragraph (b) above. If too low, & new
drogue chute must be selacted, (See section B3 for actusl calculations,)

(e) Syatem: drag, at equilibrium velocity, ls equal to the total system weight,

(f) Syatem equilibrium véloctty (VeH) at a given altitude is determined from
the formula:

W 1/2
ve,, =
H pmal
[ 2 o' (CDso)mux]
where
w = totul system weight,
pmal = sea level denaity,
2 0,002378 slugs /ft° (1,225 kg/m>),

oy 1 dengity ratio for altitude H,
(CDS ) = maximum system drag area or effective area (see paragraphs

O'MBAX (1) and (1),

(g) Dynamic pressure at altitude H, Uy {s determined from the equation:

. pmsl 2
ay = B oy Ve .

(h Cp (coelficient of drag) for a ring slot chute is taken as 0,55, Yor a ring
sall chute, it is taken as 0,78, CD for the system or "array' is calculated from
the formula
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(o]
() S, = reference area of & parachute » ——

where

Do = the nominal diameter of the chute,

8. CALGULATIONS

{a) Total weight supported by the 32~ft drogue (at the end of the balloon
extraction) (see Section 2):

Itern Weight
3240t (8. 756-m) lightweight drogue 36 1b (16ON)
200-ft (81-m) extension line 36 1b (160N)
misc, hardware 20 1b (88N)
balloon and end fittings 200 1b (BOON)

Total Weight 292 1b (1266N)

(b) Minimum drag requirement: Let the "'reasonable safety margin" be 80 1b
(267N}, Then, minimum drag requirement = 202 1b + 60 1b = 352 1b (1666N).

(c) Let the total syatem weight, as determined from weight measurements of
the test vehicle components, be 1510 1b (6718, BN).

(d) Assume that the system (array) is at 8200 [t (2604 m) when the balloon
extraction takes place (uH = 0,78732),

(e) Using a desk computer program based on the rationale expresaed above,
the following results (Table Bl) were obtained for the 32«ft drogue/42-It main
chute combination. (See Table B2 for the 28-It drogue/42~ft main chute combina-
tion,)

(f) Note that q in Table Bl {a just within the upper limit of the range specified
(0,5-1.0 psl, 23,04-47, 88 N/ma) and that the maximum drag of the drogue 438, 87 1b
(1851N) is well above the mininum value required (362 1b, 1866N), thus insuring a
strong rapld extraction of the balloon,

{g) Table B2 shows corresponding values for the 28-ft ring slot drogue and
42-1t ring sail main chute combination, The system weight has baen changed to
1620 1b (G781N) to allow for the inorcase in weight of the 28-1t parachute, The
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Table Bl. Area, Drag and Dynamlic Prussure (q) Values for the 32«ft Ring Slot
Drogue and 42-ft Ring Sall Main Chute Combination

X . Reference Drag Area .
B/ ! 3 ) -y
: Parachute Type Dia, Cph Area (5 ) (C.D.JO) . ‘ ,
Y Drogue | Ring Slot a2 | 0.58 804,248 112 | 442,330 1t 33
| 9.75 m .12 £ 2| 41,00 m? .
‘ .
K Main | Ring Slot 420t | 0.78 1386, 44 1t2 | 1080.05 12 ]
S 12,8 m 128,110 m? | 1004 m?
N t , % o, » 2 o o™ n2 i g
A i Array n2. 8 0t | 0,6065" | 2180, 0™ 1t 1622, 08" it §
I 16,1 m |20 m? | 141,49 m? 1
Drag of Drogue at Equilibrium Veloclty 438, 67 1b (1851 N) X
4 Wy
4 Dragol Main Chute at Equilibrium Veloeity 1071, 43 1b (4768 N) X
1 Total Drag at Equilibrium Veloeity 1510 1b (6716, 5 N)
‘ ' Equilibrium Veloeity (Ve,) 33,18 fpa (11,11 m/aec) E
d ' Dynamic Pressure (q) D15 paf (47,47 N/x1\2)

k sk i
| ; Theoretical, based on assumption that the two chutes behave as one vomposite !
¥ | chute,

minimum drag required of the drogue has also been increased by 10 1b (44, BN) to
362 1b (1610N)., (Note that the calculated drag of the drogue 18 almost uxactly

equal to the required drag, while the calculated dynamic pressure lalla slightly !
outside the specified range,)
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Table B2,

System Weight = 1820 1b (8761 N)
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Ares, Drag and q Values for the 28~ft Ring Slot Drogue Chute and
42-it Ring Sail Main Chute Combination

Minimum Required Drag (Drogue) = 362 1b (1610 N)

o ,76732

Altitude = 5200 It (2804 N)

Relerence Drag Area

Parachute Type Dia Cp Area (So) (CDSo)
Drogue | Ring Slot 261t | 0.58 615,752 2 | 338, 664 £t
8,52 m 57,21 m? 31,46 m?
Main Ring Sail g2t | 0,78 1386, 442 12 | 1080, 645 £t
12.8 m 128,711 m? | 100,4 m?
Array - 50,48 ft* | 0,700™ | 2001.10 2 | 1419.300 13
15,39 m 186.92 m* | 131,86 m?

Drag of Drogue at Vey, = 362,60 Ib (1613,2 N)

Drag of Array at VeH = 1620 1b (6761 N)

Dynamic Pressure, q, = 1,071 psf (51, 28 N/mz)
Equllibrium Velocity, V°H + 34,40 It/sec (10,51 m/sec)

Drag of Maln Chute at Ven = 11567.31 |b (8147, 7 N)

NOTE: The drag of the drogue and the drag of the main chute will remain
constant, regardless of the altitude (0-25, 000 [t) provided that the
calculation is made at equilibrium velocity,
dynamic pressure and effective drag area,
ditions, both are esaentially constant,

Drag is a function of
Under equilibrium con-
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! Appendix C ] 5’

Main Parachute Deployment and Balloon Extraction Caloulatiom L

! 1. INTRODUCTION

The report entitled "'The Flight Test Aspects of the Air-Launched Balloon
System (ALBS) Dovelopment F'x‘ogmm"1 contains nalculations associnted with the
| main parachute deployment and balloon extraction svents, us initially conceived,

3 However, the addendum to that report states that both the original paruchute sizes
and the dlstribution of weight on the main parachute were aubsequently altered,

[ invalidating some of the report's computational data, It further wtates that new,

N : unpublished computations were carried out to predict the performance of the

' changed configuration. Those later computations, updated, are summarized now
1 In this appendix, along with comparisona with actua) test results,

1 { In recomputing parachute performance data, the author became concerned ]
‘] ‘ about one heretofore neglected aapect of drogue parachute behavior, the phenom-

' enon which he has called the "contracting spring problem." A fairly extensive Y
mathematical treatment of the phenomenon was accomnplished, in anticipation of
posaible adverse effects, and the calculations are summarized in this appendix,

' I. Cn-u;, A.S,, Jr, (1076) The Flll‘ht Teat Al%ectl of the Air-Launched Balloon
System: Development Program, A) ~TR~TG« .
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2. 'THE CONTRACTING SPRING PROBLEM, GENERAL CONSIDERATIONS

. The contracting apring problem derives from the fact that the ALBS module,
\ just prior to main chute deployment, is a large body or mass on the end of a long .
atretchable line the upper end of which is secured to the drogue chute, At main
chute deployment, this body separates into two bodies, one of which {s about three
. times as heavy ag the other. The heavier body falls [reely for a short time, while .
| the lighter body -~ still attached to the long line — behaves as part of a typlcal spring-
W mags system; that ia, it rises as the line recolls to its original unstretc}\ed length,
As this happens, the drogue chute {s drastically unloaded,
The author's inftial concern was whether this unloading would collapae or
deatabllize the drogue chute, possibly preventing opening of the main chute, To i
answer this question, the duration of the unloading period had to be established,
The discuasion of section 3, 2 is directed to determining that duration, It Gregory
A. Vayda of the Aerospace Instrumentation Division assisted in the analysis of the
',[ - probl!mz and hig help tu deeply appreciated. (As it turned out later, in actual 1
. flights, drogue chute stability was not degruded, The principal effect of the phe- .'

e =

g

nomenon was that the balloon containment bag {(doughnut) was subjected to a much-
larger=-than-anticipated shock=force and had to be reinforced (see paragraph 3.9,3
and 4.7, main text),

A

AT

3.1 Descriptive Model

Tlgure Cl depicts & model of the dystem just prior to main parachute deploy-
ment. At doployment, the Wl‘ cluster of itemu starts to fall away from the WH
cluster, In reality this s the cryogenlc unit and payload falling away from the
packed balloun anhd the apex of the main 42-1t chute, dragging down with them both
the sudpension lines and the heavy centerline of the 42-ft chute. 'The free fall ends
when the 51-ft tentorline becomes taut, (This line {4, by design, shorter than the
swipensfon lines, allowing them to stay relaxed as an uld to rapid inflation of the
main chute (see paragraph 3,4.3), When the main chute {s fully deployed its inlla=-
tHHon commences and i4 completed rapidly, leading to the configuration shown in
Figure b in the main text,)

|

I

|

|

[ .

l ' 3. MAIN CHUTE DEPLOYMENT EVENT 3a ‘
!

|
F
|

L P —

2. Vayda, G.A,, 2/0L.t, USAF (1870) Effect of Dropping & Mass I'rom Stretched
Parachute Cord, Atr Launched flalloon System, unpublisnhed ALGI, technlcal
memorandum,
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i - System Components
. Item Dascription  Wt(lbf) Force (N}
1 |28-ft drogue chute 46 204.6
. 2 1200-f¢ line 36 160.1
: misc, haxdware on
g ®/ 3 |200 f¢ 14ne 20 89.0
E‘ 4 |Ballonn & end ftttingd 200 869.6
i balloon pack &
E 3 1linkage 20 89.0
3 6 |3/4 main chute we. | 9% 422.6
v wl’)l.,
:, wl‘- item 7 {command/control pack | 30 133.4
i
;. 8 |Ballast 0 0
b 9 |Comm Relay (Dummy) | 200 889.6
l 10 |1/4 main chute wt. 30 133.4
o 11 |cryogente Unie 133 | 3%9.3
! Z Recovery Chutes for
E; : 12 |Cryogenic unit 90 400.3
; E’ W |Bum of items
P n 13,4,5,6 138 1490.1
s . |B8um of items
h L |7 =12 1103 4906.1
T W |Sum of W "and
\r h' F HL 1438 6396.2
L " W Sum of itemn
? ol &2 82 364.7
' Yayetom = ¥r * ¥py 1520 6761
A
E_‘ Note: 1 pound force (1bf) = 4,448 Newtons (N)
] Figure C1, Weight Distribution Sketch, Before Main Chute Deployment, Event 3a !‘
\] .
*
“ L] ‘l
' {
1
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8.2 Dotermination of the Drogus Chute Unloading Time

The values of system velocity and other parameters at the end o! main chute
deployment have to be calculated in ordor to establish deployment completion time,
expected shock loading and initial conditions for main chute opéning. (From these .
initial conditions, main chute opening time ia predicted.) However, before the
required parameters can be calculated, the time during which the drogue chute is i
unloaded must be determined by aolving the contracting spring problem,

3,2,1 SYSTEM WEIGHT DISTRIBUTION _
Referring to Figure C1, an overall syatem waight (wuyutem) of 1520 1b (6761N) *

ls wssumed, * ** Ot this, 82 1b (364. TN) represent the combined weight, WDL.'. of

the drogue chute and the 200«ft (81 m) line; 1438 1b (8396, 2N) represent the sus-

pended ALBS teat vehicle weight (Wy) prior to main chute deployment. (The atroteh

of the 200-It line is due to the suspended 1438 1b), 1 i
As main chute deployment is (nitiated, the large free-falling body WL weigha :

1103 lbs (4808. 1N), while the amallet body, Wn, which is acoelerating upwards,

weigha 338 1b (1480, IN), (The box on Figure Cl {dentifles the ltems which make

up the various weight combinations.)

3.2.2 BASIC FORMULAS AND CALCULATIONS

Note; The formulas and symbols stated below are eusentially those used in the
Vayda mumomlmdum,2 with some minor changes and additions. Table C1 llats the
principal symbola used in the discussion. As each formula {8 introduced, u calou~
lation is performed using that formula and the weights llated on Figure C1.

Eq. (1) x =0,0118 F o+ 4. 9012

Thias is an empirical equation for stretch distance developed from a loading
curve for 2 in 1 Nylon over the loading range involved in our problem. 'The 200«ft

I"Wolght is treated as a force and the English units of measurement, lb, are under-
stood to represent units of pound-force (Ibf), The corresponding metric unit is
the Newton (N). (1 1bl = 4, 448N).

"Tho 1820 lb system weight (v tyglcnl of the weights actually measured during the
Iflight tests at the NPTR in which a 28« ring slot drogue chute was used. Com-
putations made prior to the start of the NPTR flights used a system gross weight
of 1383 1b (6182N), a weight which had to be revised upward as experience was
gained, The increase was due to added hardware and rlgflng. (The ALBS mod-
ule which wanas to be dropped in the Holloman ATB test weighed approximately
1770 lbs, reflecting a further growth in systom size and complexity, especiully
in the cryogenic uni* interlace,)

The drogue chute (s treated here as a stationary beam, All velocities are rela- |
tive to u fixed wystern and ignore the tact that the parachute aystem s actually
descending through the atmosphere,
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Table Cl. Table of Symbols

(y = Maximum theoretical distance above no-tension point
P u  net force on system
Fk = force on spring, » WF when t » o, that is at release
F = force on attached mass, » -W.. whent=o
=  spring conatant w
m = mass of smaller body » K';'
x =  distance parachute cord im stretched
x' = apring length (distance small body travels upward in
returning to no-tenaion point) (x! = x)
Ay = acoceleration due to gravity (32,2 ft/ sec?)
v = velooity, veloocity at no~tension point
NG = vertical height; actual distance above no-tension point
t =  elapsed timne; time to no~tension point
t! = time from no-tension to a'
" =  time from no-tenuion to y
W = weight of the suspended body before separation
w » =  weight of the small body, after separation
Wy = weight of the larger body, after separation

(61 m) line was assumed to have the same stretch characteristics, (Later infor-
mation suggested that the 200-1t line, which was constructed of 2 ply Type 23,
12,000 1b (5. 34 X 104 N) breaking-strength Nylon webbing may actually have less
strotch under load, but no definitive value was obtained),

Thus, when F' = 1438 lbs, x = 21,87 (6,67 m)

Eq, (3) k= F‘k/x.
This equation for the upring constant can be rearranged to read:

Eq. (2a) Fy - kx, (This relationship will be vied later, in developing Eq. (10),)
Using Eq, (2), we see that the wpring constant k - 88, 782 1b/Mt (989, 6 N/m),
To obtain the maus of the smaller body we use,

a8




1

Eq. (3) m = E, /Ay,

Thus, il the amaller body weighs 335 lb, (1490, 1N) {t has a mass of 335/32, 2
or 10, 404 slugs (181, 83 kg),

In our spring-mads system, the masa being accelerated upward will rige to
the point of no tensicn, that is, to the point where the stretch in the spring (200-1t
line) has been reduced to zero. The mass will still have velocity at that point,
however, and will continue to rise until the reasidual velocity s cancelled out by 3
gravitational forces or by some other conatraint, The 200-It line {s then slack j
and the mass will fall until that line becomes taut unce more,

During the initial upward acceleration of the small body, the force of that kody )

. (Fm) will ot on the drogue, until the no-tension point {s reached. Then, during !
1) the time it takes the small body to rlse to its maximum distance above the point of 1
. no-tenslon and to descend back to that point, force F,. i3 removed from the drugue. i

i

In essence, the drogue ""sees' only ita own welght and that of the empty 200-{t iine,
(Force is reapplied to the drogue when the 200t line becomas taut again,)
We shall now calculate the times, distancos, and velocities involved in the :
rine to nostennion, to maximum height above no-tension and to return to no-tension, i
For our spring-masa system, the following basic aquations for velocity, force
on the smaller body, and net force are uded to derive the equutions actually em-
ployed in our caloulations:

Eq, (4) v = «1/K> dr«‘k/dt.

! Eq. (3) F - mdv/dt,
Eq. (6) F = Fk - I“m. :
(a) Rearranging Eq. (4)

dF, - -kv dt 9

and integrating, we get
I‘-‘k = «kvt + C

(b) Whent 0, Fp - WF = weight of the suapended body before sepuration =
1438 1b In our example (s0e ffigure C1). Thus, C - 1438 und

Eq, (1) F_ - =kvt + 1438,

k
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(c) Substituting Eqs. (7) and (5) into (6)

F = 1438 - kvt - m dv/dt

Fdt = 1438 dt - kvt dt ~ m dv (after multiplying through by dt)
mdv = 1438 dt - kvt dt - Fdt (after rearranging terms)

dv = 1/m (1438 dt - kvt dt - Fdt) (alter dividing through by m)

v = 1/m (1438t - 1/2 kvt? - Ft) + C (alter integrating both sides)

or,

Eq. (6) v = (1438 - 1/2 kvt - F) t/m + C (alter factoring out t)

where v is the velocity of the upward-moving body.
{d) At release, that is, whent = o, the upward veloeity, v, la o, and the con-

stant C in £q. (8) becomes 0, whence
Eq. (8) v = (1438 - 1/2 kvt - F) t/m.
(e} Stated in more general terms:
V= (Fk-k—}‘-n‘)% where 1438-Fk when t = o
or,
v= [F -L‘xt-F L where v » & k
k " 7Bt m 13 |
ar, !
' Fy t !
v (Fk - - F) L where Fy_ = kx (Eq. 2a) :
whence, .
F )
Eq. (10) v(—zh-F)—,t’-; i
i
(N If we let the spring length, x', be equal to the stratch digtance, x, which ls ‘ !
the case at the no-tension point, and if we substitute x!/t for v in Eq. (10); we get 1
q
]

F . f:
! k t ;
%“[T'FJ;\
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or,
r 2
Eq. (11) x' = [—25- - F] n:T

(g) To determine the time required for the apring (200-£t line) to contract so
that there is no tension on it, we rearrange Eq. (11) as follows:

1/2
mx'

Eq. (12) t = ——F-l:

T-F

We are now ready to calculate t, the time to the no-tenaion point. We use

) Eq. (12), and let F = “Fo because at the no<ension point the only force is that on
3 the ascending small body, (Fk, the force on the spring = 0 at this point, and

F = Fy - F, per Bq, (8),) The valuesa of m, x' and Fk are as previously stated:

1/2

10,404 alugs %X 21,87 It

t = [ ' m—‘.———_’_] = 00,4646 sec
AR (335 1)

2

using this value of t In Eq, (10), we solve for the velocity of the amall body at no
tension:

F
va [-ﬁ F] L [‘-‘,“—g - (-aas)] 958948 . 47,067 fpa (14,346 m/sec) |

1f there were no other restraints on the upward moving small body, it would
rise to a theoretical maximum height above the no=tension point. Actually there
is a rcatraint, as wlll be discussed shortly, which keeps the body from rising that
high, The methods for determining the theoretical maximum height will be pre-
sented nevertheless because thay are relevant later in the discussion of the balloon
extraction process (see Section 4),

(a) To obtain the maximum theoretical distance (a') above no-tension we must
first determine the time, t', required to reach that point.

Vp=v- Ayt! where ve fingl velooity at at = o

or

o =v = Ayt

08
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| whence,
i i
¥ v 8
\ Eq. (13) ¢ Ay
: ‘ ;l
. . pro AT 08T IBS . 4 4517 sec . . ¥
B . 32,2 t/sec 4
4 (b) The theoretical maximum distance above no tension, a!, is determined g
1 5 next: :
] { 8 my gVt Vp ! "
; d W
] I or :
k- [ Eq. (14) a' = % X ¢ where V= vand V, =0 i
Bl b ‘
whence )
| &' = & (47.067)(1, 4817) )
i .
: x 34,40 1t (10,49 m),
;.‘ i (¢) Tho elapsed time from release of the suspended weight to maximum
: theoretical height (a') of the amall body is the sum of t and t', In our case, it is i
: 0.4648 + 1,4617 or 1, 826 sec, '-

4 s 3.2.3 EFFECT OF THE MAIN CHUTE CENTERLINE

Up to this point we have consldered only an unrestrained spring-masa system.
However, as previously mentioned, there is actually a restraint which limita the '
travel of the small body above the no-tenslon point, This restraint is, of course, q
the 51-It long centerline of the 42-ft dilameter main chute,

The two bodies into which the suspended body (Fk) separates at main chute
deployment act independently of each other while the centerline is wlack. One
Ialla freely, the other ls accelerated upward, When the centerline becomes taut 3
again, an exchange of momentum between the two bodies oocurs so that there {s in b -

. effect a single mass moving downward at a speed less than that of a Iree-falling 3
body. Thia exchange happens before the ascending smaller body can reach the 3
theoretical maximum height sbove no tension., To find the time, t', at which the
exchange ol momentum occurs the following calculations are performed:

1]
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Note that t, the time Irom release to the no-tension point, ia a vital point of
reference in these caloculations. This is so because at t the two oppositely moving
bodies are subjected to the same constant acceleration force, Ay.

(a) First we find the velocity of the larger falling body (VyL) at 0,4646 sec,
which is the time to no tension, t.

+ .
vyL " VyLo Ayt , whers VyLo 0

or,
Eq. (18) Vyy = Ayt

whence
Vyl.. = -32,2 (0.4646)

vyL » «14,96 It/aec (-4, 56 m/sec) .

(b) The distance from the separation point which the large body has fallen,
Y is determined as follows:

1
YL YL % (vyL + VyL) t , where y , and Vyho "0

o
or,
Eq, (18) yL-Y-y—L ot
whence
Y, * % (~14, 98)(0. 4846)
or

yL® =3, 478 1t, (=1,0882 m) .,

(c) The initinl separation velocity, Vso, att = 0,4640 sec, is determined from
the formulat

Eq. (17 V.0 2 vyL -v
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! . whence

V"o x -14,06 - 47, 067

or

Voo * "62.03 ft/uec (~18,01 m/sec) ,

* (d) The initial separation distunce at t, y, , is obtained from

’| | EQ. (18) ygq = ¥y, - %
. = «3,478 It - 21,87 1t
= 25,345 1t (7,728 m) .

Ya0

(¢) We know that the maximum separation, y,, between the two bodies {s set
at 51 ft (15. 85 m) by the langth of the centerline, Thus, we can find the [inal
separation velooity, Va, as lfollowst

T T T
t g

ﬁ ! 2 .2
; ] M vw+2Ay(y°~y.°)

E or

Eq. (18) V, = \(vfo +2 A vy~ ¥y

whenaoe

Vv, » [(-82.03)2 - (84, 4)(-51 + 38.38)) 1/2
or
Vg = =14, 18 ft/aec («22,8 m/sec) .

! (N We now muat find the time, t', between the no=tension point and the max-
] imum separation of 81 ft,

E Vg u Vgo + A

or

v
Eq, (20) t" = -'-ﬁ-le

whence
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or

t" = 0,3767 sec.

() To determine the maximum distance the small body goes above the no-
tension point, we must firat find the final velocity of the body at maximum distance
above no=tension point,

Eq. (A1) V_ =v+ Ay t!

b
Vy. w 47,07 - (32, 2)(, 3787)
Vy. « 34,939 ft/sec (10,68 m/uec) ,

(h) Now the distance above no-tension point can be found.
1
Eq, (32) y =y, + ¥ (vy. + V) Lety =o
y= %(34. 94 + 47, 07)(0, 3767)
y=15,48 8 (4,71 m)

If we sum the time required to reach the no-tenaion point (0, 4646 sec) to the
additional time required to reach the maximum separation distance (0, 3767 sec),
we obtain the total time (t + ') (0, 8413 sec) required for the syatem to go from the
release point to the point where the centerline becomes taut (imaximum separation
diatance).

At time t', the upward motion of the smaller body s stopped by the sudden
application of the force of the larger [ree-falling body, The smaller body starts
downward under this force until the slack in the 200-t line is removed. The total
force on both bodies (s then transmitted up the 200=1t 1ine to the drogue chute which
becomes [ully loaded once more.

The exchange ol momentum between the large and small bodies, when the
centeriine of the main chute becomes taut, is expressed by the formula

+
VpMp =My vy, tmy,
or

My vy * MyVy

Eq. (23) v,
P meq
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where
L refers to the large body
8 refers to the amall body
F refers to the Hnal or combined body
m = mass k:

v = velocity A

This can also be written as

W . (t+t")Y+m_v
Eq. (24) vy = —L 8.ye

4
where

w
mpvy T gy () Ay

. T T TR T

and

I V.’Vy.

whence

R 350,40034.830) . .3, 430 tpu (-3. 88 m/uec) |

Knowing Ve the resultant downward velocity, and y, the actual maximum dia=-
tarice above no tenslon, we can compute t''!, the time it takes for the slack to be
removed from the 200-1t line. Thin i3 a [ree-fall situation again, with an initial
velocity equal to vpe

8 Let vp * the terniinal velooity of the falling body when the line slack is used up.
1! Uning the form of Eq. (18)

T ISP ORT I IOARORN T T S ey TR

Eq. (33) vi = Vg +2AY (g - y)

where

) . yp o
§ and

|

p

. (yT - yy) » -y or minus the maximum distance above no tension, 'This is the
distanoce which must be travelled downward before 200-{t line be-
A comes taut again,
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Pi whence
| vy - ¥ (-12.838)7 + (-84, )(~15, 45)
= «33,081 Ips (-10,36 m/sec)

The time (t' ') to traverae this distance is found Ly dividing the distance by
the average velocity, or

4 =16,486

: (-12,630) + (-33,081) » 0,08628 sec

Eq, (28) 1! =

(ve) + (=¥r)
. __E._r_'I.

3.2,.4 TIME SUMMATION

From all theae computations wa see that the total no-tenyion time (t" + tt' 1)
{4 0,3787 sec + 0, 6628 sec or 1,0505 mec, Also, the time from release to the
reapplication of full load to the drogue chute s the gum of timea t, t" and t!''! or
0,4046 sec + 1,0305 wec or 1, 8041 sec, Table C2 summarizes the foregoing com=
putations.

The author developed a calculator prcgram (P~20) which solves the contracting
apring equations deacribed above and provides the outputs listed on Table C2,

8.3 Main Chute Deployment Calculations
3.3,1 COMPUTATIONAL METHOD

In the contracting-apring model discussions, we treated the aystem as [ixed,
that is, we ignored the fact that it was descending through the atmosphere, We
must now return to the real world in order to complete our main chute deployment
caloulations, The main computational tool will bs the author'y program P=13A,
which {s described {n an earlier report.

TFigure C2 summarizens the results of the computation carried out for a 1520 1b
system, using the times just obtained in solving the contracting apring problein,
The initial system velocity (~80, 82 fps, =27, 38 mpa) is the equilibrium velocity for
such a system when supported by the 28-t ring slot drogue chute at an altitude of
23,800 It (72584 m), the estimated system altitude 10 sec after release,

The drag on the 28-ft drogue chute at equilibrium is approximately the system
weight, 1820 lb. When the 42=/t niain chute is deployocd the load on the drogue is
drastioally reduced from full aystem weight to 417 1b (1858N). (Referring back to
Figure C1, the 417 lb {s the sum of weights W. and wDL') The drogue iy assumed
to maintain this loading until tirne t, the time to no-tension (0. 4646 sec), as just
detarmined (paragraph 3, 2,2),
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Table C2, ALBS Contracting Spring Data Summary for Main Chute Deployment,

|

Event 3a
Symbol Parameter English Units { Maetric Unite
Fk or Vl' Total suspended wt, less drogue and line 1438 1bt W366.2 N
Fo0r W, Residual wt after release of Wy ~338 It ~1480. 1 N
. Ay Gravitational constant 32,2 1t/ sec? | 5,81 m/ sec?
Yo Specified neparation distance -1 1t -16,84 m
; M orm Small masa (-Wa/Ay) 10.404 slugs | 151,88 kg
: Stretch distance (, 0118 F +4.0013) 21,87 ft 8.67Tm
k Bpring conatant !‘k/x 65,753 1b/tt 989.6 N/m
t Time to no-tenaton point (n, t.) + 4048 sec 4048 aec
Va0 Initial swparation velocity, at time t -82,08 t/nec | -18,91va/nec
v Yelocity of small mass, at time ¢ 47.087 f/ae0 | 14,348 m/sec
“Vy(L) Velocity of large mans, at time t <14, 908 t/eec | 4.06 1n/80c
YL Froe {all distance, at time t ~3.478 1t -1,0802 m
“Yeo ln.tzlaln::gumon distance (-y; -x), ~25, 348 £t .73 m
(Y Theoretical max. distance above n.t, 34,40t 10.48 m
t! Time to a' (theorstical) 1.4817 sec 1.4817 sec
L+t Time from release to a' (theoretical) 1. 628 sec 1, 846 sec
y Max. actual dimtance above n. t. 15,45 ft 4,71 m
Vou Velocity of small mass st y 34,0306 fps 10. 86 m/mpec
-vmf Final mep. velocity, at y (Va) =14, 18 {ps 22,8 m/nec
! Time trom no tension to y . 3767 mec . 3167 seu
t+t Time {rom release to y . 8413 soc . B413 seo
g Velocity of combined mass att + ¢" -12,030 fps -3, 88 m/sec
! Time to eliminate line slack , 6638 sec , 8048 nea
v Terminal velouity of combined mnes -33,081 fpa ~10, 38 m/aec
g Total no tension time 1, 0305 mec 1, 0300 sac
EXLE X Time to reapply full lond 1, 8041 meo 1.3041 mao
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Date: 8/14/77

: Contracting §pring Deta
(from Pu30)1
t = ;40488 ~ time to no tension
. t" = 37679 ~ time to Y
s (3] 166280 ~ time to no
4 e glack
E: | t" + t'" 1,0398 (total no
¥ tanaton time)
i Lk (E" 4 €M) - ttme to
W vonpply full load
: 1,50414
l ALBE MATH PARACHUTE
: Progran PLIA DEPLOYMENT COMPUTATION Subjeett Rvent 3a
28’ Drogus chute (r.wlot)
‘ ttaac] PoF [ foef e T T Ty A2 Main chute Cr. sail)
3 q v - .
LEGEND.
»
| . O [|a80 | - ]-n9.82 |1320 :noo ar| - 0 | brag foro
§ 08 [0,07 | 3.714f-Bs.1t | 137882 "m.o :7.0.1 W N, Systen Velaht 1920 1b
| 10 [3.76 | 3.206]-82.80 |1273.38]"791.4 OA3f- 862 [0 inad dia. 28 fE
1 A8 (3,49 | 2,96 |-79.84 |1183.0 787,53 " 0d0)-12.89 | ° {nitial (rolenns)valovity
- n " - i
§ V20 [3.26 | 2,66 [~77.19 |1104.99 "n:.h " 0201681 | b ansous velochty
30 [2.89 |27 [-72.60 | 917,01 "n:.o ' .o:: W0 |40 hange i velooity
40 t.m 1,79 [-6a.88 | 879.77|"760.8 024 [=31.17 /%0 saleulation tntarval (8)
A3 s [ 1,63 J-67.28 | ase9slvresaal y I weanf-sesr [ 0T T
- . + " . . - L]
$30 2,183 J12.907]+34034 | 739,43 02,4 ] B[R0 003061 | L
35 fl.48 | s.021(-86.32 | 490.31{"739.9 v es0013 changes
80 [1.07 | 5.49 [-40.83 | 381.48|"187.7 "8 [-A2.31 W, dndtial veight
: .63 | .Bao | 3.98 [-36.85 | 284.33|"755.8 "L BA7 44,23 {chute + load)
!l 70 | .692 | 2,99 [«33.86 | 234.51("184.0 ML 846 [=46,00 ,‘a' ji‘;::":‘é‘{";‘:“::‘ﬁ“‘
k| ,80 | ,517 | 1.83 |=29,71 | 178,23|"730,8% L aA31-49.18 Atm. denmity
b 90 | .a22 [ 1,19 [~27.08 | 142.78]"248,0 o4 (-32,01 My  release altituds
1 1,00 |.364 | .809]-28.26 | 129.20]"743.4 v esa.02 |M inatantansous altitude
. 128 |.299 | .238{-22.82 | 99.20{"739.4 " HaD|-60,89 [0 density ratio p/po
3 148 |28y | a77l-2i90 | en.on"raes | W [" .a3p-es.08 [My  Welsht of ALBS ballcon
' "
s 1,50 | .43 148 [-23.%6 | 135,36("739.8 1320{89. 719 {~66.19 |Mur .u.p.:m'o:°::::::“
1,38 |.301 }1.43 |-2a,78 | 169,77 ::m.o ' 7 -::.s: G, costl. drep (ehuta) 33
‘ ' 1,60 | .545 1,43 |-26.19 | 184.87{"731.71 715 [-08, 8 S Ral. Aren of chute
g i 1,80 | 734 138 =316 | ced.na|72s.s "T08 =708 |o2 ptacted Rquiiibrium
! 2,00 {939 1,27 (~36,89 117.'u|"m.1 i |“ 1098 (=H1, 3% Velocity for system of
! i } 1 Weight, W
4 f Megtsters|00f Ot |02 [o3 | o4 os|oe | or os | os | 10 TH T Y
, ! wo |- [0 [0 Y [ wm [ o[ M Puesooo] " [Haf0 (CBodgg ROUBt] g NG/
p 09,881 .03 | .41z lfulive 23000 [ An4a2 1487871 - 338,663 . 0
! ’ ouT q . . . .
|_ 1 il - (] - LR b =LA v‘l v |l
b !
t
<~ | Figure C2, ALBS Malin Chute Deployment, Event 3a, Computations 1520 1b
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Al the no=tenslon point the drogue s assumed to experience only the loading
wssociated with {ts own welght and that of the 200-ft line, WDL' or 82 1b {365N), s
It stays (n this lightly-loaded condition until time t + (t" + t''?), that {8, until the A
slack in the 200-ft line {s taken up, It then sees the whole ayatem load again, d

The data summary on Figure C2 tracka dynamlic pressure, veslocity, velocity :
change, drag, height, and height change as the system descenda. Calculations are E
performed at 0, 06 sec intervala and are carried out from the start of deployment J
until 0.5 sec alter the 200~ft line becomes taut again., The actual opening of the |
main chute {s assumed to commence at this point, an assumption which proved to
be in good agreement with actual flight test experience (aee 3.4, 1),

3.3,2 DYNAMIC PRESSURE VARLATIONS

The dynamic presaure (q) track on Figure C2 is of particular interest, If the
value of q falls off too greatly, the danger of drogue chute collapse is strong,
according to parachute literature, A dynamlc pressure less than 0,3 lb/!‘t:2
(14.38 N/M®) is considered cause for concern, The calculated q values on Fig-
ure C2 do lall slightly below that Hgure just before the full load is reapplied to the
drogue chute. However, in the actual flight tests, no drogue chute Instability at
this point was cbserved, Thus, if the caloulations are accurate, it would appear
that this type of ring slot parachute, with its high geometric porosity, (s not par-
ticularly senaitive to the 0,3 lb/rt2 dynamic pressure threshold.

Figure C3 was generated in the same manner as Figure C2 using a system
gross weight of 1383 1b (6152N) and a 32-It-diam {8, 18 m) drogue chute. It rep-

resents the ALBS configuration at the atart of the test program and |s offered lor
comparison purposes,

3.3.3 DEPLOYMENT SHOCK FQRCES

The velocities generated in the contracting spring problem solution suggest that
falrly strong deceleration shocks will be experienced during the main chute deploy-

ment, particularly during the exchange of momentum hetween the two hodles W

L
and Wu, a8 described in paragraph 3, 2, 3,

It we allow the deceleration force, FD, to be the force on the larger body WL,
then

w
= IM
Fp Ti"‘ at
where
w

-A—;,& = maas of the larger body

107




e

JERSRPEY )

Frarmtah e

B

e

e o T T P 2 k.

B el T TR L]

Date: 1/18/77

tracting Sprigg Dags
(fyom P=20):
t = .45 - time to no temsion
t" s 388 ~ time to ¥
t"e _s088 - time to no mlack
e + ' 1.03a{total no tensien
tima)
t 4 (" + t") =~ time to rveapply
full load
1.480
Subject! Evant 3la
ALBS MAIN PARACHUTE 32’ Drogus chute (r. slot)
Program P13A DEPLOYMENT COMPUTATION 42! Main chute (r. sail)
S R R R RS LR
D Drag foras
0|0 = |-1%0 | - 13930 a6 " - W, fystem Welpht 1383 1b
05 | 2,82 | +3.879 [~71.12 |1247.78] "928,3 38,654 |~ 3.65 B, Chute nontnal dfs. 32 ft
10 | 2,33 b -67.76 |1128.80] - " atsl = v initial (release)velocity
A3 am - -64.84 11030.70) - "848 - v instantansous velocity
20 R -62.2¢ - - L " Av  Change in velocity
$30 - - -38.01 - - " " |t /30 caleulation intarval (a)
w0 | 1ieas - “Sh.h4 | 732,35 - Mo636 | -29.28 | actusl tins (a)
45 | 1,859 +1,42 |-53.22 | e8y.88 239021 [ 1" 635 [~27.93 11y sumeation of hedght changex
(80 | 1,364 11,86 [~4L.33 | 603,34 | "899.7 72 {17,136 [ -30.21 W inittal weight
85 | B39 - 46,694 |-34.64 | 371,33 | “897.8 LT PSS (chute + lcad)
60 | %997 -30.32 | 268,21 - "1 - |w idn-ta tansuus weight
(68 | 4663 42.002 |~27.31 | 206.24 | "894.7 (193 |~33.28 |g aﬁ?.""gfn ey
V0 3834 - -25.13 - - " - Hy relwase altitude
(80 | ,2898 +1,236 [-22.24 , 128,17 | 891,08 v o1e38.98 [n {nstantanwous altitude
90 | (24100 - 20,49 1 106,81 | - | 4132 |-61.08 o density ratio n/po
1,00 | 2129 - -19.17 + 94,19 "88A.93 [ 131 |-a3,08 s Velsht of ALBS balloon
1,25 | .1809 '+ .1790|-17.58 ~ 80.00 ) "882.28 ' RS ELRETTIRITN o " other components
1.90 | 1697 '+ ,0883(-17.45  75.08 ) va77.9 | ¥ 117,129 |=82.13 suspended on drosua
1,35 | .99 1-1.456 |-18.52 132,34 | "876.96 1383 ;75.07 |-53.04 [op  Coeff. drap (chuta) .3}
1,60 | 3939 |-1.438 |-20.35  147.70 | "876.0 . " |-su,02 [So  Ref. Area of chute
1A0 | .aBe3 - -25.91 13k - 062 |-s8.65 |'* ,}‘:{’3:;‘{;",:‘?“:,1:{:;“:,
2,00 | 6361 =1.271 »31.136 290,29 " 863,63 " 088 | w64, 37 Weight, W
Reglnters| 00 | 01 ST TR T T T o7 08 o 19 I 11 ¥
" NE RN LN EN Oyetg00t| n | a0 | EyBg)  [Count | o THg/ ay
. 18 030366 |,001189 23930 | .am2zd 46876 - |eaz.ae]Me-30 0
out 9|, - W - “ W D - | ema | - o [vlev | o
Figure C3, ALBS Main Chute Deployment, Event 3a, Computations 1383 1b
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and

-2;-’ = deceleration

or

w (Vy - Vy)
Eq. (27) FDn_sl:t.__.l.-'_A_t_E_

where
V, = (t+t") Ay = velocity of larger body at start of exchange
L
and

VF = velocity of larger body at end of exchange

whence, using the values of paragraph 3, 2.3,

_ 1103, (0.8413)(-32.2) - (-12, 638)
Fp = 33,3 yx;

I we choose a value of 0. 056 sec for At, FD = -0800 1bf (-4.4 X 104 N), and if we
let At = 0,10, FD = =4050 Ibf (-2, 2 ><“104 W), Actual flight test measurements gave
average values of =7000 1bf (3,1 X 10° N) for FD' which indicates that At ia about
0,07 gea. It also shows that the cryogenic unit will be subjected to a shock of
7000/1103 or approximately 8.4 g in the vertical plane, a force which it has been
designed to withatand,

Using the form of Eq. (27), we can find the force on the small, upward moving
body from the fullowing formulat

W, (V. -V.)
n e 8 F
Eq, (28) FD Ay At

whence, using the values of paragraph 3,2.3,

. 335 . (34.939) ~ (-12,639) . 7071 |bg - 21.1 g

Fp* 573 .07 ‘

This {3 a very powerful force, a fact that was amply confirmed during the
Night test program, The area of this extreme violence encompassed the apex of
the deployed main canopy, the packed balloon and its fabric container (nicknained
the ""doughnut"), the linkage and separation devices located in that region, and the
top end of the inflation tubing from the cryogenic unit. Much attention was focused
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on this region during the test program in a successful effort to minimize the poten-
tially deatructive effects of the decelaration force.

8.4 Main Chute Opening Time
3.4.1 PRELIMINARY CALCULATIONS

In the preceding report.lthe opening of the main chute (84-ft flat circular) way
treated aa the opening o! a theoretical ''combined" chute whose diameter was
determnined from the saum of the areas of the drogue and main chutes, An opening
time (3, 5 sec) was then determined through the use of Program P47), which employs
the formulas of the Parachute Hnndbooka for parachutes without geometric porosity.

In the revised AIL.BS conliguration, the 42-~It ring saill main chute does have
geometric porosity and an alternate method of computing opening time must be
used. The Parachute Handbook offers the following formula for this situation:

0,652 D
Eq. (20) ¢, = _.TLE
8

where
kg = Porcentage of Geometric Porosity
D, * Nominal Parachute Diameter

vy * Initial System velocity

whence, using a A_ value of 22, 8, and a velocity of 36,80 [/sec (11,24 m/sec) as
obtained from Figure C2, att = 2,0 seg,

ty - 2:05.X22.5 % 42
LS D

= 16,65 sec .

This appears to be an excessively long opening time. Referring back to Fig-
ure C2 we see that the projected equilibrium velocity of the system at t = 2,0 sec s
89,7 {/sec (27.34 m/mec), This means that the system, with only the drogue chute
acting as a decelerator, is trying to apeed up to the velocity it had before the main
chute was deployed, Thua, the selected value of v, may be too low. However,
even {f we arbitrarily choose a vy of 80 f/sec (18,3 m/mec) the opening time is still

over 10 sec. (When v, is chosen as 89.7 t/sec (27,34 m/sec) the opening time
becomes 6.8 sec,)

L ]
3. Parachute Handbook (1863) Performance of and Desigm Criteria for Deployable
Aerodynamic Decelerators -TR-81- n

) 4,
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Actually, a main chute combined deployment and opening time of 16 sec was
selected prior to the Iirat teat at the NPTR. This value was based principally on
the use of Eq, (28) above, witha v, of 31,136 f/sec (9,46 m/sec). (See Table C3

. at T = 2,0 sec,) The calculated tr of 19,73 wec was arbitrarily revised downward,
in anticipation of the effect of the centerline of the main chute, and the resultunt

time, 16 sec, was used to establish the time to initiate the balloon extraction step,
. 'I‘0 + 39 sec,

3.4.2 TEST RESULTS

As 1t turned out, the 18 sec value was much too long, The main chute consis-
tently deployed in 3 sec and opened in about 3 sec in the NPTR flight teats. Thus a
‘ combined deployment /opening time of 5 sec was used in subsequent calculations
B ] and event initiation settings.

This adjustment, along with a revision (from 19 sec to 8. 5 sec) of the time to
"first vertical" (that is, to the completion of the system orientation change Irom
horizontal to vertical), led to the following event achedule which was used in subse-
quent NPTR tests:

T ST S T

‘: : To Release of Drogue Chute from Pendulum on C=130,
1 F T ot 3 sec Finish Inflation of Drogue Chute,
I ¢ T, + 10 sec Initiate 42-ft maln chute deployment,
" ‘ T, + 12 sec Cut main chute protective cover (' Snood") line,
S:' T ot 18 sec Cut laces of balloon container.
T, + 30 sec Init{ate balloon extraction,
R , T, + 28 sec Finish balloon extraction,

4 3.4.3 EFFECT OF CENTERLINE

The centerline of the main parachute in considered responsible for the drastic
decrease in the estimated opening time. This line had baen added to the basic para-
chute system configuration by the 6511 T, S,, prior to the start of the Iight teuts,
on the firm conviction that the main chute, as originally suggested, would not open
after deployment, It was stated that the tension at the apex (caused by the drag
force of the drogue chute) would keep the main chute canopy folds and suspension
lines taut and, with the relatively low system descent velocities involved, there

- would be an insufficient buildup of pressure inside the canopy to cause inflation.

; The centerline was construated of 2-ply Type XXIII Nylon to withstand the

ﬂ 7000 1b shock load discussed earlier, It was cut to a length of 51 ft (16,8 m) and
was run from the apex to lower confluence point of the main chute, Because the
length of the uninflated chute is 83 ft (18,2 m), it is obvious that the centerline will

o
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become taut when the chute is deployed while the atandard suapension lines and
canopy folds will remain slack, Thus, there is nothing to inhibit the spreading
and [illing of the canopy. This unloaded condition of the lines and canopy is be~
lieved, therefore, to be the factor most conducive to the observed rapid opening,
However, a penalty ia involved: As the chute fills, the centerline pulls the apex
inward somewhat, a situation believed responsible for the coning actions observed
in the aystem, (See paragraph 4,8, main text,)

As a matter of interest the 8511th T, S, added another novel design feature to
the main parachute to insure positive inflation, Referred to as the "snood," it is
a protective Nylon cap (see Figure C4) which keeps the folda of the canopy ina
tight, bunched=up configuration, during the first 2 sec of deploymant when all the
violence ia occurring (see paragraph 3.3.3). A line aurrounding the anood is then
out and the folds ure free to open out, This protection of the canopy material at
the start of deployment {s conaidered to be a aescond key factor in the history of
succensful openings of the ALBS main chute during the NPTR flight series,

Figure C4, Snood for 42-It Main Chule
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4. BALLOON EXTRACTION PROCESS

4.1 General

With the main chute open ('I‘o + 15 sec), the system {s becoming stabilized in
the two-chute configuration and the way is now clear for the next major event, the
extraction of the balloon from its container., At To + 16 sec the laces which seal
that container are cut and, at Tyt 40 sec, the drag force of the drogue is applied
both to the laces (to remove them) and to the top of the balloon, The discussion
which follows will deacribe the events and cover the calculations involved in the
balloon extraction process.

4.2 Initial Conditions

When the main parachute is inflated, the packed ALBS balloon reats in its
laced canvas bag doughnut on top of that chute, (See Figure 9a, main text.) The
200-ft line trom the drogue is connected to an extension line which passes through
the center of the doughnut and is attached to the apex ring of the main chute, Thus,
the drogue chute is supporting part of the overall system load, The drag force on
the drogue is 362, 68 1b (1613, 4N) as calculated in Appendix B, Table B2,

When the balloon extraction begins, the 200-ft line is diaconnected Irom the
axtension line, thus removing much of the syatem load from the drogue. (The
main chute acquires the load shed by the drogue.) The drogue still has drag, how-
ever, and it is now used to extract the balloon from its container,

4.3 Contracting Spring Effect Considerations

Because the drogue is under tension at the start of the balloon extraction
process and because that tension {s suddenly released, as was done at the deploy~
ment of the main parachute, the impact of line recoil had to be considered, An
analysis was performed to this end, using Program P-20 to solve the equations of
paragraph 3.2, 2,

Unlike the main chute deployment situation, the suspended load in this cass
does not separate into two bodles, one of which talls freely for a time, Rather,
the load starts to come apart, with the upper section rising away [rom the lower
section to whnich it remains loosely attached, Flgure C8 depicts the model used in
the analysis. The components of the ALBS below the apex of the main canopy are
{gnoread in this model. The system weight, w.y‘“m, is equated to the drag of the
drogue at equilibrium, 363 1b (1618N), as computed in Appendix B,

To start the analysis, it was necessary to ussign a value to the term W.. the
weight of the part of the system accelerated upward by the recoiling ltne, This
welght would olearly include the 20 1b (88N) of miscellaneous hardware near the
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Item Description We(lve)  Porce (N) .
1 28-£ft drogue chute 46 204.6
2 200=£t line 3¢ 180.1 .
®/ misc. hardware on
3 200 £t line 20 89.0
Ballcon & and
4 fictings 200 889.6
Balloon pack &
W 3  linkage 20 89.0
DL
N
systen “I See notas 2 62 276
HL WL - "F - H. 219 974
Y Y " Voyaran ™oL 281 1250
W Sum of items
DL 1&2 82 384.7
wnyltum See note 1 363 1618
NOTE 1 Only the components above tha main

canopy, exclusive of the balloon pack
& linkage, are involved in the line
recoil action,

The total systam weight in this case is
taken to be equal to the drag force on
the drogue as calculated in Appendix B
Table B-2, or, w'y.‘.m = 363 1b.

NOTE 2 w. is pot the sum of the weighta of items
3, 4 and 5. It represents the sum of
item 3 and part (42 1lb, 187 N) of item 4,

See para.C.4,3 of text)

Note: 1 pound forom (1bf) - 4,448 Newtons (N)

Figure C5. Weight Distribution for Balloon Extraction Event 4b, Prior to
Extraction

114

v gt e U N0 NI s oot i\ ok kAN AR AR D

w3 st rmbom e i e e e )




BN TV S e RTINS SRR JTa R
e Lt B Y, R S R I O B AN 0 AV W 0 SRS G O R,

bage of the line, plus some length of the balloon which would also be snatched up
Irom the doughnut during the line recoil. Using a trial and error method, the
author arrived at a figure of 42 1b (107N) as tha weight of the balloon component of
W“. This is the weight of 21,8 It (6,8 m) of balloon, with the balloon weighing
200 + 102 or 1,96 1b/Mt (21,81 N/m), Note that the 21, 6-ft length of balloon is the
sum of parameters x and a! on Table C3 which summarizes the analyals data.

The value anaigned to w. is, then, the sum of the hardware weight (20 1b) and the
balloon weight (42 1b), or 62 1b (278N),

From Table C3 {t can be seen that the time to no tension, t, is approximately
0,28 sec, while the total no-tension time (t! + t!'!) {s approximutely 1, 8 seac,

Even though recoll is indicated, there is some question as to whether it is
preaent to the extent shown on Table C3, The amount of {nitial loading on the
rugged drogue line (2 pliea of 12, 000 1b strength webbing) {s quite light (2681 1b)
and the assumption that this webbing behaves as 2 in 1 Nylon (see paragraph 3,2.2,
Eq. (1)) may not be entirely valid, Moreover, part of this recoil is believed to be
expended (n pulling the laces out of the doughnut pack and in overcoming the Iriction
associated with snatching up 21, 8 It of Z=folded and coiled balloon material,

Deuspite the doubts, the suthor carried out the balloon extraction computation
'l : using the data fromn Table C3 and compared the results with a similar run in which
3 the data were not used, The resulting comparison showed that the contracting
! apring effect ls minimal in the balloon extraction process and can be ignored.
Flgure C8 summarizes the balloon extraction computations carrled out without use
of the contracting spring data, Note that the balloon {a fully deployed in 8 sec,
which is in good agreement with data from the NPTR teata, (See paragraph 4.0,
main text,) '

i ! It is interesting to note on Table C3 that the datu pertaining to the parameter y
d f do not apply here, (In the main chute extraction, y was the point at which the

' smaller and larger bodies exchanged momentum.) In this case the rising body goes
! to the theoretical distance above no tenslon where its veloclty becomes zero.
& '4 There ls no exchange of momentum, The shock occurs when the body falls back
down to the line atretch point and is less than lg,
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Table C3, ALBS Contracting Spring Data Summary for Balloon Extraction,

Event 4b

8ymbol Parameter English Unita  Metric Unita
Foor W, Total suspanded wt, less drogue and line 281 1ot 1380 N
"Foor -W_ | Residual wt atter release of W, -62 bt -3718 N
Ay CGravitational constant 3.2 8/ aec® | o.81 m/uca
Yo Specified weparation diatance N/A N/A
M, orm Bmall mass (-Wa/Ay) 1,933 slugs 28.2) kg
% Stretch distance (,0118 F, + 4.5012) 8,217 2,50
k Bpring conmtant Fk/x 3,107 1b/8t | 449 N/m
t Time {0 no-tension point (n.t.) 3769 nen 2769 sec
Voo Initial ssparation velocity, st time t N/A N/A
v Velocity of ¥mail mass, at time t 20, 38 £/ mec 8.98 m/sec
“Vy(L) Velocity of lurge muas, at time t N/A N/A
YL Free fall distance, at time t N/A N/A
“Yao Initial separation distance (-y, -x), N/A N/A

at time ¢t

a! Theorstical max, distance above n.t, 13,38 £t 4,08 m
t! Time to a' (theoretical) 0117 mec » D117 mee
4t Time from releane to a' (theoretical) 1, 102 mea £, 102 meo
¥ Max. sotual distance above n,t, N/A N/A
Yy Velooity of small mass at y N/A N/A
-v.nr Final sep. velocity, aty (V) N/A N/A
t" Time trom no teasion to y N/A N/A
gt Time from release to y N/A N/A
Vg Velacity of combined muss at t + t" N/A N/A
" Time to eliminate line slack 9117 seo 11T sec
v Terminal velocity of combined muus N/A N/A
gt Total no tenaion time 1,823 sec 1,823 seo
et g Time to reapply full load 2. 103 mec 2, 103 seo

G\ kg o8 Wil
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Appendix D

Sum Report, Airborne lo Cansultation, Charies I, Bindt h
Y RO, Ervovenice Diviaion, National Bureeu of Standerds

1. INTRODUCTION AND BACKGROUND

The purposs of the nir launch balloon system (ALBS) is to fil1 a balloon with
hellum gas while the system (s descending on a parachute at some altitude, The
: hellum {s stored in the liquid state in & cryogenic unit. The prinociple of opera-
1 tion of this unit was to convert part of the liguid hellum flowing from the attached
' liquid hellum dewar to high temperature gas, then to mix this high temperature
gas with very cold gas in the correct proportion to get the desired final gas tem- q
perature for inflating the balloon. The hot gas was heated in a hot bed ex- i
changer; the cold gas was converted from liquid by heat exchanging with ambient :
air. The final configuration of the system is to be extracted from a flying air-
craft. A small parachute extracts the system from the mnircraft; the system is
then allowed to fres fall about 60 m before a larger parachute {s deployed. The
small parachute then extracts the balloon from a bag secured to the canopy of the
large parachute. Next, the ALBS oryogenic unit provides the helium gas to fill ;
the balloon. After filling the balloon, the cryogenic unit separates from the rest
* of the system and descends to the ground on a three-parachute cluster, The filled
balloon ascends to the desired altitude carrying the large parachute und a payload.
The large parachute is later used to recover the puyload.
The prototype ALBS wau to be carried to the launch altitude of 7600 m by a
large ground launched balloon, Thia method of air launching the system does tiot
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impose high loads at the launch, therefore, the system was designed to accomo-
date only those peak loads that occur when the large parachute opens after the
system is released from the carrier balloon. _Also,. the system did.not.need to.be . ...
asrodynamically clean nor compact as would be desired for a unit that was to be
launched from a flying aircraft. Since compactness was not required, two exist-
ing dewars were used as the liquid hellum containers instead of purchasing one new
vessel. Using the two dewars instead of one, complicated the system plumbing

but was less expensive and time consuming than purchasing one new, especially
constructed dewar. The two existing dewars weighed less than any one availsble
dewar of the correct size, The dewars each held 24.5 kg of liquid helium; with
five percent ullage, the dewars held a total of 46, 6 kg of liquid helium, the mnsa
of gas desired for filling the balloon at the altitude.

‘The two dewaras were mounted one on each side of a hot bed heat exchanger.
This arrangement results in a balanced system weight about the heat exchanger.,

The dewars were connected in series by a vacuum insulated line, so they emptied
consecutively, No additional valves or controls were needed hetween the dowars.
Each dewar required modification since they were designed to provide supercritical
hydrogen at the discharge, The modification included the removal of all of the in-
ternal hardware and installation of a new vacuum insulated, liquid withdrawal tube
as well as two liquid level sensora. Installation of the new internal assembly ne-
cessitated a new seal in the double-walled titanium dewar., Beouuss the equipment
for welding the titanium vessel was not available, a filled epoxy was used in a
threaded joint to make the low temperature, vacuum tight seal. This joint was
successful as both dewars retained insulating vacuum through a number of thermal
cycles from amblient to liquid helium temperature. Figure Dl ia a schematic dia-
gram of the flow syatem, oxocept it shows one single dewar systam,

The hot bed heat exchanger contained 73,4 kg of 3/8 in, diameter aluminum
oxide balls. This bed was dosigned to store the heat required to convert 46, 3 kg
of 1quid hellum to gas at 260 K. The design bed temperature was 1008 K with &
maximum operating limit of 1080 K. A 2000 W elecirical heater heated the bed,
and temperature was maintained with a thermostat control. The heat exchanger
was insulated with a 8.4 mm thick blanket and a 87 mm annulus of evacuated powder,
The estimated heat loas of the heat exchunger at 1008 K was 400 W,

The ALBS used gas pressure to force the liquid helium from the dewars through
the system at a mass flow rate of 0, 18 kg/sec. The helium gas used for pressur-
ization was stored ina 0,011 m" aluminum oylinder at 32.4 MPa pressure. The .
aluminum cylinder wan reinforced with a glass flber, epoxy wrap.

Valves used in the system for controlling the liquid and gas flow were indus-
trial weight, solenoid valves designed for cryogenic service. The valve used in ’
the helium gas pressurization itme was a "flight weight' solenoid valve.
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k Figure D1, Schematic Diagram of Proposed Single-Dewar System

b

' An eleotric timer with switchea controlled the valve opening sequence, The ¥
' timer and the valves were powsred by a 24 volt battery, 33
. The system components were mounted on an aluminum frame shown in Fig~ ’

ures D2 and D3, This frame was designed to support the components under a

{ seven g load. To assure that the frame waw atrong enough to withstand the forces

g at geven g's, the mounting pads for the dewars and the hot bed were londed with
lead weights equivalent to the londs expected at seven g's. A small additional §
dynamic load was then applied to each pad. A four foot by eight foot by one-half %
in. thiock piece of plywood wams attached to the base of the frame to provide a mur- ‘
face for installing several layers of arushable pad. The crushable pad was to
cushion the landing of the cryogenic unit as it descended on the recovery para-
chutes. A small aluminum rail extended around each dewar to protect them during
the ground launch. The oryogenic system weighted 314 kg without liquid helium, _

The ALBS was designed to oparate independent of controls other than a 10 sec ﬁ

awitoh closure which initiated the clock timer. The {inal sequence of aystem
events were established as follows: The system started functioning 10 sec after .

' the timer switch closure when the dewar pressurization valve opened and the I
dewars were pressurised to 338 kPa, Twelve sec later the liquid valve at the o
dewar exit opensd and helium atarted flowing into the mixing area at the base of
the heat exchanger. The secondary bypass valve opensd 1 sec later to incroase
the cold gas flow. At 9 sec after the liquid flow started, the valve to the heat

s ™ ek i o
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Figure D2. Outline Diagram of Two-Dewar System
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Figure D3. Supporting Framas for Two-Dewar System
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exchanger opened. Full flow was established 20 sec after the start of liquid flow;
170 sec after the start of liquid flow, the first dewar emptied. This resulted in
less flow resistance in the liquid system and a higher liquid flow rate, To help
compengate for an unbalance in the flow split between the heat exchanger and the
cold bypass that occurred with higher flow rates, the secondary bypass flow was
terminated. Even with the closing of the secondary bypass, the flow rate increased
16 to 20 percent and this increased flow rate continued until the second dewar
emptied at about 300 sec.

From the mixing chamber at the base of the hot bed heat exchanger, the gas
flowed through a 10-cm diameter tube into a 2.4 kg bed of 3/8 inch diameter balls
of aluminum oxide. This second bed was not heated but served to increase the
mixing of the hot and cold gas streams and to reduce the maximum temperature
spike which occurred at the opening of the valve to the heat exchanger. From this
mixing bed, the gum flowed into & 16, 5-cm diameter tube, This tube which termi-
nated at the top of the frame was the gas supply tube for the balloon.

All of the flow paths from the liquid helium dewar contained replaceable ori-
fices which were used to adjust the flow rates. Openings in these orifice plates
were sized during a teat program in which a number of tests were conduoted to
establish the correct dewar pressure and flow rates to get an average musa flow
rate of 0. 18 kg/sec at an average gas temperature of 260 K,

For the final teat both dewars were cooled for 24 hr, then the dewars were
filled with liquid helium 1 h prior to the run of the system. One half-hour before
the run, the dewar vents were cloged. The dewar pressure rose to 75 kPa before
the run started. When the vents were closed, the dewars contained 48. 8 kg of
liquid helium which waa about 5 percent over the reyuired mass. The run lasted
205 sec. The peak gas temperature waa 356 K with the temperature remaining
above 320 K for less than 15 sec. The minimum gas temperature was 176 K with
the temperature remaining below 220 K for leas than 20 sec. The maximum {low
rate wae about 0,2 kg/sec. The average flow rate was 0. 165 kg/eec and the aver-
age discharge gas temperature was 248 K. The system delivered % percent more
mass than required, but the average gas tomperature was 5 percent low, Since
the larger than design mass would nearly offset the loss of Jft in the balloon due
to the low gas temperature, the system was accepted as ready for the flight test
in thia configuration,

In addition to building the ALBS we bullt an enclosed superstructure to hold
the main parachute, the air launched balloon, the balloon's payload, and the para-
chutea for recovery of the cryogenic unit, The enclosure of the superstructure wan
B8 ¢m by 137 cm by 108 cm high, The [rame of the superstructure had four lugs
at the bave for attaching it to the cryogenic unit with four 1/2 in, bolts. The super-
structure frame carried clevis mounts for attaching all of the parachutes, therefore,
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i it was designed to carry the loads that were generated when the main parachute

i opened. At the time the main parachute opened, the maximum expected load was

4920 kg. Since the possibility existed that this load could be applied to just two of

the four clevis mounts attached to the parachute, the frame was designed to sup-

port 4920 kg on two of the four parachute strap mounts. #
Availability of aluminum tubes and an aluminum welding capability influenced

4 our decision to use aluminum tube construction with welded joints for the super-

structure frame. Figures D4 and D5 show the aluminum frame. The frame was N i

enclosed at the sides with 1/4 in. thick plywood and a 1/2 in. thick plywood floor

was installed. The clevis mounts for the parachute straps were cut from alumi-

num and were designed with an incorporated clamp for clamping the mount to the

aluminum tube frame. This unit weighed 93 kg.

r-Di/(:lavis Mounts\._lk -C/Clevls Mnunts\}

1.5x0.26 Tube 1.6x0.25 Tube ]

1

¥ |
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[ |
o Crya-Unit Mounts
£ / Clevis Mounts i
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’ ] j‘f ] r— L .-
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Note: Tube sizes in inches. Dimensions in cm b
Note: Tube sizes in inches A
Dimensions in cm

Figure D4, Cryogenic Unit Superatructure Figure D5, Cryogenic Unit Super-
Frame Work (Side View) structure Frame Work (Rear View) 3
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Because the stresses in some of the aluminum tubes were high, stresses were
calculated using a simplified model. This analysis is presented in Section 1.1,

The ALBS was taken to Truth or Consequences, New Mexico for the demon-
stration flight test. About 18 hr prior to the flight time, the dewars were ccoled
to liquid helium temperature. One dewar was filled to 100 percent full. The
second dewar was filled to about 25 percent full. Some difficulty was encountered
during the filling because of thermally induced pressure oscillations which devel-
oped in the vent system. Adjustments in the vent rates reduced the oscillation to
an acceptable level. The dewars were completely filled with liquid helium about
2-1/3 hr prior to the ground launch, The vents were closed at about 75 min before
the launch. The dewar pressures rose to about 120 kPa gauge by launch time.
This pressure rise rate was acceptable if the aystem was to function within 70 min
from the ground launch. The pystem was lost during the launching of the carrier
balloon as this balloon failed to ascend to altitude.

1.1 Formulas for Stress and Strain (Roark!)

The maximum stress in the superstructure frame occurs when the large para-
chute deploys. The total force was estimated to be 4920 kg based upon force
measured in an sctual parachute test program. Assuming that this total load may
be applied to two of the four support straps connecting the parachute to the super-
structure, any two of the adjacent clevis mounts and the tube between them must
be designed to momentarily support this load, For the streas analysis, the straps
were assumed to be 175 cm long. Since the maximum stress will develop in the
longast member, the stress in the 142 cm long tube at the top of the superstructure
was the only siress calculated,

If the clevisus on the 142 cm long tube ave used for attaching the large para-
chute the following force diagram applied.

oo

1. Roark, R.J. (1885) Formulas for Streas and Strain, McGraw~Hill Book Co.,
New York,
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4,920 kg

Assuming that the 142 om long tube {s a frec~ended column, which it really {s not,
the maximum astress {g glven by Roark‘ as

a3 109 e [ (7]}

"

for an eccentrically lnaded column,

In this equation P i8 the load, A {a the cross section area, e is the eccentricity
of the load, ¢ is the radial distance to the extreme [ber, r is the radius of gyration
with respect to the axis of the tube, E {8 the modulus of elaaticity, and L is the
length between loaded ends,

The maximum atress using the aforementioned assumptions is 140 MPa, If
the clevis mounts on the 96 om long member are used instead and the mounts are
a8 close to the corners as poasible, the meximum stress in the 142 cm long mem«
ber can be reduced to about 100 MPa. The reduced stress results from a slight
reduction in the eccentrioity of the load, (140 Megapascals x~ 21, 610 psl.)

The other meambers of the frame that are exposed to high stress arc the two
d=in. diameter tubes that carry the cryogenic unit. Again we assume that one tube
muat support the entirve load and that the tubes are rree-ended beama., This be-
comed a simple baam problem where the maximum streas is as follows:
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where S i3 the stress, m is the maximum moment, ¢ is the radial distance to the

extireme fiber, and I {s the moment of inertia with respect to the neutral axis or,

In this case, the centerline of the tube, For the tubes used in the frame, the max«

. imum atreas is 152 MPa. All of the stresaes caloulated are leas than the recome-
mended maximum stress using a 1, 5 safety factor, The 1,8 safety factor is based
on the yleld streas of the material and since all of the rame material {s 8061-T8
aluminum, the yield stresa is 241 MPa.

Several other lactors add to the actusl safety factor, These are; (1) the ends
of both beams considered are actually welded to other members, so some of the
load {s tranamitted to other members and (2) in this application, the maximum

b assumed load is only momentary and, therefore, of such short duration that yielding
&

of the beam might not ocour even Lf the yleld stresn is slightly exceeded,
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Appondi; E

ALBS Ballaon Mid-Air Inflation Computations

1. INTRODUCTION

Note: This nppendix has been extracted (in condensed form) from pars 4,4, 6,
main report, of a previous report AFGL-TR-OIBB.l The numerical values uaed
here are bused on the values of Table § in this report,

At the end of event 4c oh Table 5, the balinon has bheen fully extended and is
taut (ses Figure 21 in the main report). If we assume that the uninflated balloon
contributes no effective drag, the total systen. drag area ia the same as {t was
before the extraction, 1418,31 1 (131, 88 mz), which {8 the sun ol the effective
drag areas of the drogue and the main chute, (The balloon is traated here as just
an added line betwesn the two chutes,) The drag force on the drogue Ls then 442 1b
(1877N), and that on the main chute {a 1347 1b (6991N) (calculated per the method
of Appendix B).

When the balloon inflation command ls given, the liquid helium in the cryogenic
unit below the main canopy is converted to the gaseous state, warmed and trana-
ferred up to the waiting balloon, The gas starts to Now almost instantaneously,
but an estimated 8 min s required for transfer of all the gas. During this time the
ALBS urray loseas altitude steadily, but at a decreasing rats of descent,

Two interesting and interacting physical changes ocour simultansously during
the inflation process, hoth of which have a pronounced effect on the dynamics of the
event:

1. Carten, A,S., Jr. (1876) The Flight Tnt Al oatl of the Air-Launched Balloon
gptem Development Program,




1.1 The Incresse in Buoyancy

As the helium enters the balloon it adds buoyancy (positive 1iRt), neutralizing
some ol the weight previously supported by the parachutes, A steady diminution
of system weight (Ws) is apparent on Table El, which was generatod by Program
P14B (see paragraph 2) and which liats changes in various system parameters
during the balloon inflaticn, Because Ws {s decreasing, there i an accompanying
decrease in system descent velocity. This can be observed in the column headed
Ve on Table E1, (Not all of the decelaration shown in the Vg column is the result
of the added buoyancy. Some is due to increased system drag, as explained in the
next paragraph, and to increasing atmospheric density,)

1.2 The Increase in System Deag

The gas bubble formaed at the top of the balloon adds to the total effective drag
area of the system (CDSO)S. It will be seen Irom Table El that (CDso)S Inereases
during {nflation until the drogue is cut away, At that point, there is a step decrease
to show the loss of (CDSO) for the drogue, The reducad (CDSo)s value than becomes
the starting point for a new incrementally~increased system effective drag area,
the augmentation of which persists until the balloon is fully inflated.

The increased system drag area serves to decreané snystem squilibrium dea-
cent velocity, Ve (As noted above, additional deceleration is being caused simul-
taneously by the buoyanoy and atmospheric density effects. Thua, the valuea of
column Vo reflect the combined reductions in system descent velocity.) Dynamic
pressure, q, aluo decremses, &s does the total ayatem drag, D_, (There is a step

s
increane in q, when the drogue is cut away, but the decrease roon continues,)

2. PROGRAM P.14D

Table E1 shows changes in many system parameters over fixed intervals of
height (200 ft), The starting altitude is 23, 200 ft, The starting equilibrium veloc-
ity is the system Ve at the end of e\'r'cnt 40,

Program P=14B was developad primarily to determine the time required for
the aystem to fall through each 200-1t interval of height, taking into eflect the

l"Prcm-lm P-14B was originally developed by the author lor use on a programmable
desk culoulator. That method proved to be too time-consuming, however, and the
program was translated into FORTRAN by Mr. Robert Veaprini of Emmanual
College,? At the same time certain refinements were introduced which are incor-
porated in this appendix,

2, Vesprini, R,1L,, and Hagan, M, P, (1877) Report on Atmoapheric Environment
: W loons, A =TR=TT , Fing

Interactions With Free and Tet
Heéport on Contrac
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decreasing velocity discussed above, Incremental and cumulative time values so
determined are shown under columns At and L At respectively. The balloen infla-
tion is assumed to be complete when the cumulative time value is 300 sec and the

. designated emount of helium (see next paragraph) has boen transferred, The
altitude associated with this time {s the event completion altitude,

21 Buoyancy Computations

It is assumed that the total required quantity (see paragraph 3) of halium,
102, 44 1b (435, TN) is transferred linearly with time over 300 sec (8 min), On that
basis, the amount transferred (AMHe) during any 200-£ interval would be a func~
tion of the time (At) required to descend that distance. Whenoce,
aMHe « ot « 188 . For example, during the first 200-1t interval (33, 300 A -
23, 000 ft) thé amount of helium transferred is 1.48 1b (8. 88N), which s the result
; of the caloulation 4. 293 sec X %‘ X 1,0077, or 4,308 sec X 0,3441, where
i

0.3441 {» a conatant tranafer rate in lb/sec and 1, 0077 (k) is an empirical correc-
tion factor to account for the fact that the system's descent rate is slowing down.
The quantity 1,48 1b appears as the initial value in the LAMHe column, which is a

). curnulative record of the amount of helium transferred as the event proceeds,

! i When the incremental quantity of helium (1b) is multiplied by the lift to mass (L/M
ratio (1b 1ift per 1b of maas) for helium at the pressures and temperatures involved,
& the amount of buoyancy galned per time increment {s obtained (see note », Cum-

' ulative valuus of buoyancy appear in the LAL column,

I"'I‘hc 1ift to mass (L/M) ratio plays a key role in determining the amount of buoy-
ancy being added to the balloon as helium is transferred upward Irom the aryo=
: genic unit, ("Masn" here {s used to denote quantity in lb, It is not used in the
usual sense that mars equals weight/gravitational constant,) We obtain the L/M
ki ratio by dlviding the specific 1ift of the incoming gaseous helium by the density of
1 : that hellum, Specific lift in turn, is obtainad by subtracting the density of the
l gaseons helium from the donlltz of the ambient air, Program 14B calculates air
S and helium densities for each 200-f interval of height, in order to obtain a con-
q \. tinuously upgraded L/M ratio, as follows:

: (a) Density is & function of gas temperature and pressure, The pressure is as-

1 sumaed to be that of the standard atmosphere and is generated from stored data,

The temperatures of the air and helium are different from standard stmosphere

g values, however., The air temperatures chosen are those of the WSMR in January,

] Tht. h‘cllum tempersture (s fixed at 250°K, which is typical of the cryogenic unit
output.

(b} If we lat the denalty, p,, of Hellum at a particular height be equal to that at
another helght, Py timen the temperature and pressure ratios shown,

T P
Pg =Py ‘1":' . F% , and {f we let oy be nea level density for gaseous helium

N (0, 01086 lb/lta) at standard tlm{m‘nturo (288°K) and pressure (1 Atmosphere),
we geot the relationshipr Eq. (Ei)
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2.2 Gam Volume Computations

The density of all of the helium in the balloon (as opposed to that of just the in-
ocoming gan) is now divided into the LAMHe valua for each 200-t altitude lnorement
to obtain the volume occupied by the gas, vb. (Ses note +.) The gaa volume is
assumed to be that of a sphere, whence the dlameter, dy, i obtained by the rela-
tlonship d_ .\ 0re =2(V 8/")1/3. Knowing the diameter, we can obtain the cross-
sectionsl area (vd”/4) or S, This la then multiplied by a value of 0,8 (Cpy for the
buhble) to glve us (CDSO)B'or the effective drag area of the balloon; (CDSo)B in turn
augments the value of (CDSO)S)'

P
pa = 9,0413 i
aHo Ta

!

: We then solve for the density of the incoming helium at a given height interval by
use of Bq. (E1), lcttlnq Tg = 309K, and Pg the stored standard atmosphere value

} of prasaure for that he ch?, as listed on Table E1,

|

|

{oc) We can establish a relationship for air density uimlilar to Eq, (E1)

288  P3 3
pg "0 07851 X ” T where 0,07681 1b/1t" is the sen level density of air or

P
. (ED), « 32,038
I. d paMr 1'2'

We then solve for air density at a puriloular helght Interval by use of BEq. (£2) f
letting ’I‘2 and Py be the storad values for that height, as shown on Table E{,

|

f 1"I‘hc‘:’ﬁu {n assumed to enter the balloon at a conatant temperature (in this case

| 25 . But, as the system deaeondl, adiabatic heating of tha lgn already In the

! balloon ocours, at the rate of 4°K per 1000 [t of descent (0, 8°K/200 ft), (Cther

- heat sourcea such as radiation and conduction through the balloon flm are not
considered,) Thus, the temperature used here to determine gas density at a par«
ticular height must be based on both the temperature of the incoming gas and that
of the on=hoard adiabatically warmed gas,

We can solve for He density by means of Eq. (E1) above, using a stored value
of Py and determining the value of T, by an appropriate means,

LAMHe(T + 0,8) + AMHe . T
Let Ty » —— AT aMEe 7 Eq. (29

where LAMHe = Masa ol helium already in balloon at start of this increment
AMHae » Helium added during thia increment
| 'I‘o = Temperature of gas already in balloon
TH. » Temperaturs of incoming gas (assumed to be 280°K here)

Then, wolving for T3, and knowing that volume » mass/density, we determina the
volume of the gas from the relationship

Eq, (E4) v » EQUHe :’“"' ‘T,
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As infllation proceeds, the expanding bubble causes the balloon reeling sleeve
to open up gradually so that slack material is protected. Becauae of the relatively
low altitude, the bubble diameter (dy) remains small, reuching a maximum diameter
ol only 30 It (9, 14 m) at full inflation, The volume of gas {n this bubble, approxi~
nuately 14, 300 1t° (405 m?) 1s less than 10 percent of the Nully-expanded volume at
Noat altitude, Moreover, although the volume (s increasing by virtue of added gas,
the rate of increase is alowed by the effect of increased atmospheric density as the
aystem descends,

3. GUTTING AWAY THE DROGUE; END OF INFLATION

At wome point the drogue must be cut away, both to eliminate unnecessary ) ]
weight from the aystem — which will rise to float altitude - and to avoid poesible )
entanglement when the drogue becomes very lightly loaded and subject to collapse.

Table El indicates that the drogue is cut away when the buoyant lift in tae balloon
exceeds 278 1b (1223N), which is more than enough to keep the balloon upright alter B s
the support furnished herstofore by the drogue is removed. "

The inflation in shown to be complete when the system has descended to ] -
12026 1t (3668 m), ,

The balloon (s now ready to be cut away from the cryogenic unit and frame and ]
to ascend to float altitude with its payload. Note that the 102, 44 1b (485, 6N) of '
helium provides 612,28 1b (2723, 3N) of 1ift, This is equal to a Iree lift of 6. 8 per=-
aent, less than the deaired 10 percent, 1f the tumperature of the incoming helium '
is ratsed to 288°K, the free lift becomes 8,8 percent and the completion altitude is '
12,040 ft, (From a separate run of Program P-14B, not included in this report.) B
Variationa in air temperatures are also capable of changing the free Iift, Thus, { "
Table El must be considered simply as representative run, subject to some varia-
tion, (Aas it turned out, the cryogenic unit prepared for the January 1878 test had
somewhat more than 1032, 44 b of LHe aboard, while the payload to be taken to
altitude was 565 b, rather than 5378, Free l{ft probably would have been ample if
the fNight had taken place as planned,)
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Table Ei, ALBS Balloon Inflation Calculations
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